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Abt. I. — Theory of Earthquakes ; by Professor Alexis Pereey, 

of Dijon, France/ 

Eabthquakes are a complex phenomenon. It is difficult to 
refer them to one cause alone. The shocks or series of shocks 
in a given region may have a special or local cause. We may 
distinguish a number of such special causes acting independently 
of the principal cause whose general action they modify. More- 
over, these secondary causes may be modified in their action by 
the principal cause, the latter manifesting itself only through a 
differential result. 

Among the phenomena, it is difficult to distinguish those 
which are the effects of the principal cause from those of special 
or local causes. The first aim of investigation should oe to 
determine that differential result in which the preponderating 
influence of the principal cause shall become manifest. For this 

Surpose the comparison of a great number of facts is requisite, 
icfore such a comparison, the local or anomalous influences 
disappear; or, in other words, the influence of the principal 
cause is brought into strong relief, the differential action making 
it manifest. 

There is a periodicity as to times of occurrence in earthquakes, 
as in other cosmical and meteorological phenomena. When 

^ Translated for this Journal from a memoir communicated by the author entitled 
Propmtiona ntr les Tremblementa de terre et les Volcans ; fonnulees par M. Alexis 
Ferret, Profemeur a la Faculte des Sciences de Dijon^ adress^es k M. Lam£, Mem- 
bre de I'lnstitut; 86 pp. 8vo. Paris, 1863. Mallet-Bachelicr, Quai des Augustins, 56. 

Only the part on Earthquakes is here reproduced. 
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earthquakes, through a long period, are grouped with reference 
to the moon's age, two maxima and two minima of frequency 
may be distinguished in each lunar month, the maxima following 
immediately tne syzygies, and the minima corresponding to the 
quadratures. When, again, they are grouped with reference to 
the passage of the moon over the meridian, there are two analo- 
gous maxima and two minima, the maxima corresponding to the 
passage of the superior and inferior meridian, and the minima 
to the intermediate times. 

These laws, based, one on a comparison of more than 6000 
days of earthquakes, and the other on a thousand of earthquake 
shocks, show that there is a relation between the frequency of 
earthquakes and the rotation of the moon. Is this relation one 
of cause and effect ? I believe so, after a careful study of the 
subject, and propose to present the evidence. 

Suppose the globe to have a fluid nucleus, incandescent, and 
either liquid or viscous, with a solid crust. Suppose, also, the 
thickness of the crust to be such that the outer limit of the 
interior mass be a spheroidal surface, similar to that of the 
exterior of the sphere. The moon will exert attraction on the 
central nucleus, and tend to give it an elongated form ; and the 
opposite protuberant parts, formed under the lunar action, will 
tend to follow the line which connects the centre of the moon 
with the centre of the earth, as this line changes its position with 
reference to any fixed point on the earth. 

Let us consider, first, the movement of the moon alone, leav- 
ing out of view the earth's orbital motion and rotation. The 
greater axis of the elongated central nucleus would then be 
directed constantly towards the moon. The two opposite pro- 
tuberances would exert pressure against the interior surface 
of the crust, and would tend to change its form ; and if the crust 
had but little thickness and were sufficiently elastic, it would at 
each instant take the form of the elongated nucleus. These 
successive changes of form in the solid crust could not take 
place without causing vibrations which should occur periodically, 
like their cause, nor without altering, at each place, the direction 
of the plumb-line which would pass periodically through the 
fiame positions. These two periodical phenomena have not yet 
been shown certainly to occur. Still a series of observation, 
made through several years by Mr. Airy, give us some reason 
to believe in their existence. 

Suppose now the envelop or crust to have so great thickness 
and such elasticity that it cannot take at once the form of the 
central nucleus. Pressure and tension in the crust of a greater 
or less amount will be the result, which will be a cause of frac- 
tures. These fractures will be the starting point of molecular 
vibrations which may be propagated in the crust to its surface 
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and have the character of true earthquakes. Such is the first or 
principal cause of the phenomenon. 

The two opposite protuberances of the central nucleus together 
constitute, in their movement of rotation, what we call tbe great 
or primary earthquake or seismic wave. The greater the lunar 
innuence, the greater will be the protuberances and the higher 
Uie seismic wave. 

The sun should produce an analogous effect during the pro- 
gress of the earth in its orbit From this, a second seismic wave 
should result, which, in tbe case supposed, would also cause, 
when its crests pass under the points of least resistance, the same 
kind of subterranean movement. 

It is easy to conceive that in their simultaneous progress, these 
two seismic waves should add to, or diminish, one another, or 
coalesce in one wave, as with oceanic tidal waves. They will 
therefore manifest themselves at the surface only by their differ- 
ential or their resultant effects ; and their union will form the 
great luni-solar wave. Its effect will therefore be the greatest 
possible at the syzygies ; and hence the ruptures of the earth, 
consequent thereupon, should be most frequent at these two 
epochs in the lunar period* 

Let us now take note of the diurnal motion. of the earth. We 
now have two new seismic waves; a lunar, the crests of which 
will change place under the meridian with the motion of our 
satellite, and a solar which will follow the course of the sun. 
Their effects on the inner surface of the earth's crust will bo 
fitmilar to those of the first two waves mentioned above ; and 
the resulting diurnal wave may be regarded under the same 
points of view as the luni-solar wave depending solely on the 
motion of the moon in its orbit. 

In their progress, these different waves are similar, or, at least, 
aaalogoua, to those of the oceanic tides. They may be repre. 
aented, in their movement, by a periodical function whose max- 
ima and minima correspond to the maxima and minima of pres- 
sure on the earth's crust, which, supposing it homogeneous, will 
experience at these points maxima and minima ia change of 
form, and consequently in frequency of fractures; and there- 
fore maxima and minima in vibrations of the crust, or earth- 
quakes. 

Into these periodical functions of the seismic waves (or analyt- 
ical expressions of the physical laws of the phenomenon) will 
enter necessarily the distances of the sun and moon from the 
earth. But the action being in the inverse ratio of the squares 
of the distances, the effect should be, under this point of view, 
greater at the perigee than at the apogee. In accordance with 
this, I have found, that, relatively to the lunar motion, earth- 
quakes are more frequent at the perigee than at the apogee ; and 
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relatively to the earth's orbital motion, they are more frequent 
at the winter solstice than at the summer, that is, at the peri- 
helion than at the aphelion. 
All these waves are, physically, not single waves, but^ are 

groups of successive undulations, like the tidal in the ocean, 
ence there must be a succession of pressures and tensions in 
the passage of a seismic wave over a given point. Hence, also, 
a possible, and probable, succession in the vibrations of the crust 
Hence, also, an undulatory character in the earthquake shocl^ 
with alternations of intensity during their passage. 

Thus far, we have regarded the crust as having interiorly an 
ellipsoidal surface, and the central nucleus as liquid or viscous. 
Let us now suppose the nucleus the same, but the inner surface 
of the crust as having irregularities like the outer, — that is, 
mountain elevations projecting inward, and immersed in the fluid 
mass, and valleys whose depressions are excavated in the crust 
Such an internal orographic system would modify the progress 
of the seismic waves. A wave would rise and increase its velo- 
city and, consequently, its active force, between two mountains 
or elevations that obstruct its passage; it would spread and lose 
velocity over a plain or in a valley where it could ^expand and 
develop itself; and would beat against the declivities or pro- 
jections encountered. Hence a new kind of compression, and, 
therefore, of molecular vibrations, which should propagate them- 
selves to the earth's surface, and appear as earthquakes. Hence 
also, beyond question, some partial displacements in the walls of 
the vaulted crust, and ruptures causing vibrations more or less 
intense. Hence, also, fissures in the vault, of greater or less ex- 
tent, and more or less abrupt. 

An introduction of the incandescent liquid from the earth- 
quake-wave into these fissures could hardly take place without 
shocks or vibrations more or less apparent. But it is a question 
whether such vibrations would reach the earth's surface. This 
would depend on their intensity; and also on the thickness and 
elasticity of the crust, which would necessarily have an important 
influence. 

These displacements and ruptures could not take place with- 
out sound. 

Whether the ruptures be a result of the alteration of the form 
of the crust, under the pressure of a passing seismic wave, or of 
the shock of a wave against an internal protuberance, or of the 
contraction of the liquid material on its cooling after it has 
entered a fissure, or of any other cause, they must always be 
accompanied by vibrations ; and these vibrations would propa- 
gate themselves to a greater or less distance, according to the 
condition and nature of the region. 
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Bat are these fractures, as has been said, the only cause of the 
sounds which so often precede, accompany, or follow, earth- 
quakes ? It is difficult to believe it. We acknowledge that we 
are not ready to explain the sounds that so often precede earth- 
quakes. In the case of earthquake shocks which are continued 
for a length of time, these sounds are often repeated : And how 
does the sound-vibration differ from the dynamical vibration 
which immediately follows it? Moreover, in such earthquake- 
shocks, continued for a length of time, both aerial and subterra- 
nean detonations are fi*equently repeated without any sensible 
movement of the ground. Many instances of this kind occurred 
in the valley of Visp in 1855 and 1866.' The sounds are, in 
fact, one of the most obscure elements connected with earth- 
quakes. 

Bat to proceed, the ruptures which take place at certain points 
in the crust shake the neighboring parts, which, in their turn, 
under the action of successive earthquake waves, lead to other 
like fractures. Such catastrophes may again and again follow. 
We thus account for the shocks which are repeated for a greater 
or less time afl«r every great earthquake. 

T^e fractures opened at any point will become prolonged in 
the direction of the line of least resistance. Hence comes the 
change in the centre or focus of principal disturbance, which is 
often noticed in the course of a long series of shocks. 

The introduction of the liquid material of the earth's centre 
into the fissures is not always effected instantaneously. It may 
require more or less time ; and the vibrations thus caused may 
take place after the passage of the earthquake-wave. Hence 
come perturbations in the periodicity of the phenomenon. 

It ioUows from these views, that earthquakes should have 
their greatest regularity of march and greatest frequency in a 
certain equatorial zone more or less wide ; and outside of this 
zone, similar effects should be produced, proportioned in intensitjr 
to the different earthquake-waves, derived or reflected. But it 
is seen that the waves that are propagated laterally arrive later, 
relatively to the passage of the moon over the meridian, at the 
places where the derivative currents go. 

When these derivative or reflected waves, in any case, produce 
fractures, followed by vibrations which continue for a length of 
time, we should have a prolonged shaking of a region in which, 
otherwise, the phenomenon is of rare occurrence. Examples of 
[ this kind are the shocks on the Mississippi in 1811 ; those of 
Maurienne in 1838 ; those of Scotland in 1842 and 1843. 

* The detonations in the valley of Visp continued to occur at intervals even till 
May, 1861. The later months of the year do not appear to have heen marked hy 
any repetition of the phenomena of 1866.— (Letters and Journal of M. TscheineD, 
curate at Qrsechen.)— Note added Au^rust 26th| 1862. 
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The periodicity of the phenomenon may manifest itself again 
in the renewal of the shocks. But the maxima and minima of 
frequency will not correspond with the passage of the principal 
Beismic waves. The order may even be wholly reversed. It 
is a phenomenon analogous to the '* establishment of the port'' 
in the oceanic tides. 

The physical law, that earthquakes are more numerous at the 
syzygies than at the quadratures, is one that is verified by simply 
counting the days of earthquakes during a sufficiently large 
number of years. This I have done for a period of 50 years, 
from 1801 to 1850,' and also for each half of this period. Again, 
dividing these 50 years into 10 periods of 5 years each, I have 
detected two maxima and two minima in nine of these partial 
periods. In seven, the maxima has occurred at the syzygies and 
the minima at the quadratures; in two the reverse has taken 
place. The principal, above pointed out, of the establishment of 
the port is alone sufficient to explain this apparent anomaly. 
In these two 5-year periods, there was a series of local shocks in 
a region where earthquakes are unfrequent. 

The quinquennial period from 1810 to 1815 affords no sensible 
maxima and minima. But the facts on record are few. During 
the unhappy years of 1814, 1815, the journals took little note of 
subterranean commotions. 

' Prof. Perrey has made out, from the &ct9 which he has collected, for the first ' 
half of the present century (from 1801 to 1850), that there were 5888 lunar days 
on which earthquakes occurred ; or, counting as so many separate days, where 2 or 
8 or more earthquakes occur on the same day, but in distant countries and wholly 
independent, (the most correct method for his calculations,) 6590 lunar days. In 
order to refer these days to the syzygies and quadrature?, he divides the mean luna- 
tion of 29*53 days into 8 equal ]>arts, and then groups these into 4, by uniting the 
Ist and 8th and 4th and 5th, for the new and full moon or syzygies, and the 2nd and 
^d and 6th and 7 th for the quadratures. 

Arranging thus the phenomena, he obtained for the 5388 days, — 2761*48 at the 
syzygies and 2626*52 at the quadratures, leaving a difference in favor of the syzygies 
of 184*96. 

For the 6596 days, he obtained 8434*64 at the syzygies and 8161*36 at the quadra- 
tures, leaving 273*28 in favor of the syzygies. 

In a similar manner, for the^alf century preceding, or from 1751 to 1800, he ob- 
tained 1901*18 earthquake days at the syzygies, and 1753*82 at the quadratures, the 
difference in favor of the syzygies being 147*86. 

Counting the earthquake days during the years 1761 to 1800, which occur within 
the period of five days, from the second day before the apogee and perigee to the 
second day after inclusive, he found 526 earthquake days at the perigee and 465^ 
at the apogee, leaving a difference of 60^ in favor of the perigee ; or leaving off the 
outer two of the five days, the result was 313^ at the perigee and 278t^ at the 
apogee, or an excess of 85 at the perigee. 

Taking the earthquakes of Reggio in Calabria as given for the years 1886 to 1863 
(18 years) in a Journal kept by M. S. Arcovito, he finds 437 earthquake shocks at 
the syzygies and 349 at the quadratures, or an excess of 88 at the syzygies. He 
-also obtains, for the number of shocks when the moon was less than 45° from the 
meridian 418, when more than 45<', 347, leaving 66 shocks in favor of the former. — 
Bee for a fuller statement of these results, and additional facts, Comptea Jiendua, lii^ 
246'161, Jail 28, 1861. 
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We have above supposed the central nucleus of the earth to 
be in an incandescent state, either liquid or viscous. But can 
this be without the existence of intense chemical action propor- 
tional to the high temperature of incandescence ? Under such 
circumstances would there not be electro-magnetic currents? 
May it not be that, through the inifluence of such currents, which 
Dr. Ami Bou^ makes the first cause of earthquakes, and also 
under that of the various chemical actions going on, gases would 
be developed so as to form a more or less continuous atmosphere 
between the central nucleus and the crust? And should not the 
presence of these gases modify in some way, the dynamic action 
of the earthquake waves ? Is not their sudden explosion, the 
cause, at times, of transient disturbances in the central mass ? 
And, consequently, are there not thence sensible reactions against 
the inner surface of the crust, causing strong vibrations that are 
propagated to the outer surface ? 

This idea, which I have elsewhere brought forward,* is re- 
marked upon as follows by the learned author of the Hisioire 
des Progrh de la Oeologie. "As to these immense tempests 
which the author raises at the surface of the incandescent fluid, 
whose waves of fire beat against the flanks of the mountains 
which project downward like gigantic stalactites, they appear to 
us to be a little remote from the domain of science ana to pertain 
rather to that of the imagination." 

But, without taxing too much the imagination, can we not 
see that these chemical actions, which others have made the sole 
cause of earthquakes, may produce some perturbations, or mod- 
ifications, in earthquake movements which shall obscure at times 
the periodicity ? 

Formerly, especially during the last century, the existence of 
numerous vast caverns in the earth, for the propagation of earth- 
quakes, was admitted. We do not deny the existence of such 
caverns; but, in our view, instead of their favoring earthquake 
vibrations they would arrest, or at least impede, them. The 
simplest break will modify the rate and direction of the undula- 
tions. But such caverns should also cause, in some cases, mo- 
lecular vibrations which, on being propagated to the earth's 
surface, would not diflFer from ordinary earthquakes. The liquid 
matter, in entering the cavities, would also cause shocks of a 
similar kind. Hence may come some of those facts registered 
in earthquake tables, which interfere with the exhibition of the 
* periodicity. 

We pass by other causes to which earthquakes have been at- 
tributed. Several, although less general than they have been sup- 
posed to be, may be admitted among special or secondary causes. 

* Memoir on the earthquakes of the Scandinavian peninsnia. Voyages de la Ccm- 
mmon Seieniifi^ue du J^ord en JScandinavie, en Laponie, etc,, PanB, \%4^. 
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It cannot be too often repeated, that earthquakes are not of 
one single kind, identically the same. They are various both in 
causes and effects ; I aim simply to bring out in relief the prin- 
cipal cause. I seek to establish its truth, by the differential 
influence manifested in its march as regards time. 

As to the geographical relations of earthquakes, I say only, 
that no region is secure from subterranean movements ; and that 
no geological formation is exempt; but that the mountain sys- 
tems of the surface appear to exercise a great influence at least 
on their propagation if not on their frequency. The vibrations 
are usually propagated along the main axis of a chain ; as has 
been observed in the Pyrenees and the Andes. In the great 
valleys occupied by rivers, the mean direction, as calculated by 
Lambert, appears to be that of the course of the depression. I 
have shown this to be the fact with the basins of the Ehone and 
the Ehine, where the direction is nearly meridional, and the 
basin of the Danube, which has a transverse course, or from west 
to east. 

In France, the departments most subject to earthquakes appear 
to be those about the mouths of the large rivers. The depart- 
ment of the Is^re, where the depression of the valley of the 
Bhone forms a kind of node with that of the Sa6ne, is the only 
one which can compare with the kind just mentioned in numbor 
of earthquakes. 

It is a question whether or not a double orthogonal curvature 
in the outer surface indicates an analogous structure through the 
whole thickness of the crust ; and whether or not a structure of 
this kind presents less resistance to the propagation of shocks. 

Whatever may be the cause of the molecular vibration at any 
given point in the crust, vibrations will be propagated in the 
form of waves ; and in a homogeneous medium, the waves will 
be spherical and concentric. How will it then be in a medium 
which is not homogeneous, or is of unequal density ? This can- 
not be decided without investigation. 

In the case of the propagation of a series of waves which 
succeed one another through each point in the sphere of undula- 
tion and make successive shocks at the earth's surface, the shocks 
directly over the centre or focus of the vibrations will be verti- 
cal: and the obliquity, or variation from verticality, will be }= 
greater the more remote the place of emergence at the surface is 
from the centre of vibration alluded to ; or, the locality being 
fixed, the nearer this centre is to the surface. 

There can be no rotary shocks ; the cases of apparent rotation \- 
we have explained elsewhere. But does the direction of a shock 
indicate the point from which it actuallv comes? I believe not 
The difference in the rocks encountered should produce deriva- 
tire and rejected undulations, as in the case of waves of sound. 
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Breaks in the rocks, as the caverns referred to, most modifj 
their propagation, vary their direction and weaken their intensitji 
and may extingaish them; and this may account for the simulta* 
neons shaking of two regions while an intermediate locality is 
undisturbed — a phenomenon of so frequent occurrence in certain 
parts of America that the people speak of it nnder the expres- 
fion of the earth being bridged witJiin, or suspended. 

Boussingault recognized, as the principal cause of the earth* 
quakes of the Andes, the continual and progressive sliding of 
the dislocated rocks of which they consist ; and he considered 
the phenomenon as incessant in South America, an earthquake 
taking pla^e, in his view, somewhere in the Andes at every 
instant of time. 

These views are not at variance with my own. Any slidings 
due to gravity will be caused, or favored, by the daily vibrations 
whose effects and causes have been considered. 

Calculation demonstrates the existence of two kinds of waves 
moving with different velocities around a centre of vibration ; 
I admit readily, with Mr. Wertheim, the coexistence of these 
two kinds of waves. If then there are several successive sets 
of vibrations at a given point, each will propagate the double 
system of waves. It will be the same, also, if there are simulta- 
neous disturbances at a number of neighboring points. The 
waves of greatest velocity of one set will overtake and pass by 
those of least velocity in the preceding set, and at an interval of 
distance depending on the interval of time between the successive 
vibrations. 

The ingenious idea that two species of waves or undulations 
pertaining to two successive sets of vibrations may produce at 
Ae surface of the earth one vibration of combined intensity, has 
nothing in it to which I can object It is analogous to the inter- 
ference of waves of light. We also admit, with Mr. Wertheim, 
that two such combined waves may occasion greater violence of 
disturbance than the passage of two successive waves. In this 
ease, the surface of the earth under vibration, if perfectly homoge- 
neous, should present concentric zones in whicn the disturbance 
will be alternately more and less great. I would say, however, 
that I do not believe that such an alternation of effects from earth- 
quakes has ever been observed. For such results, not only would 
a uniformity in the earth's crust be required, but also the struc- 
tures on the surface to be upset or damaged should have an 
identity of construction and of position with reference to the 
points of compass which cannot be looked for. 

At some future time, I propose to consider, from this point of 
view, the occurrence of the first shock more or less light which 
precedes often the great shakings, and of the harmless vibrations 
which separate the disastrous shocks ; and also the short interval 
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of relative repose or simple tremulousness which separates two 
consecutive soocks of moderate intensity. 

As to the velocity of the propagation of shocks, we make no 
definite statement. Notwithstanding the trials of Dr. Julius 
Schmidt, we have no confidence in the results derived from his 
calculations, believing that they are based on too uncertain data. 

The methods proposed by Mr. E. Mallet, will we doubt not, if 
carried out, give an exact determination of this element in the 
phenomena of earthquakes. We recognize the importance of 
the problem. But even if the means of noting time should be 
much better than at present, and in more general use, it may be 
doubted whether numerical results will be obtained of much 
value to science. 



Abt. IL — The Classification of Animals based on the principle of 
Cephalization ; by James D. Dana. — No. II. Classification of 
Insects.^ 

^ The principles which have been presented in my former ar- 
ticle on the classification of animals may be further exemplified 
by a discussion of the natural system of classification in a few 
subdivisions of the animal kingdom ; and at the present time 
I take up for this purpose the order of Insects. 

The subject may be appropriately introduced by a recapitula- 
tion, arranged so as to be convenient for reference, of those of 
the characteristics bearing on grade which are of most prominent 
importance. In connection with the mention below of tliese 
characteristics, the number of the page is added on which they 
are explained and illustrated in the preceding volume of this 
Journal. Other characteristics not here enumerated will be 
found on the pages referred to. 

Under ^each head the characteristic to be looked for in a supe- 
rior group is first mentioned ; and then those of related kinds in 
inferior groups. 

I. In a superior group, (A) a prosihenic condition. In an in- 
ferior group (B) a metaslhenic condition of diflerent grades or 
kinds; or in a still lower group (C) a urosthenic condition. 
(P. 323.) 

These conditions come under the transferent method of cephalization, 
which is exhibited in a transfer of force and function towards the head 
(preferent) with ascending grade, or in the reverse direction (retroferent) 
with descending. 

This transfer is similar in nature to that which results in amplificaie 
ibrms and the reverse ; in one direction, the descending, it is outward or 

' For Article I, see last volame of this Journal, p. 321. 
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dreumferential diffushn^ and may be designated apocentrie ; in the 
other, the ascending, it is cephalic concentration or epicentric — the sys- 
temic centre here referred to corresponding in position to the cephalic 
nervous mass or brain (p. 322). 

The degrees of concentration do not generally shade indefinitely into 
one another. There is a range of variations under a given type or spe- 
cific condition of the systemic force ; and then a drop-down or saltus to 
another typical grade, or condition. Such conditions, in all probability, 
have specific mathematical relations, like other conditions of force in na- 
ture, (as in chemistry,) although science may never succeed in giving 
them a written expression. 

n. In a superior group, (A) compactness, regularity and per- 
fection of structure, with normal proportions and narrow limits 
of variation. 

In an inferior group, (B) a condition of inferiority in general 
structure, attended with a wide diversity of form and size, and 
sometimes bizarre shapes; (C) an ampUficate condition, mani- 
fested either in a widening of the structure (broad-amplificate), 
or in a lengthening of body anteriorly and posteriorly (mostly 
the latter), or a lengthening or attenuation of limbs (longamplin- 
cate), or in a general enlargement (large-am plificate, gross-ampli- 
ficate) ; (D) a multiplicate condition, or an indefinite multiplica- 
tion of segments or members, as in Myriapods and Worms, and 
opposed to a limitate condition like that oi Insects, Spiders, and 
Crustaceans; (E) an analyzed or elementalized condition, being a 
more or less complete resolution into elemental segments or 
parts, each more or less nearly of normal equality; (F) an elliptic 
condition exhibited in either a diminution of size of parts or 
members, or of number of segments, organs or parts, through, 
abnormal weakness of the life-system, and manifested especially 
in inferior or degradational species. (Pages 324-328, 337, 440.) 

IIL Sup,, (A) a highly differentiated Qond\\Aon of structure cor- 
responding to highly specialized or subdivided functions. — Inf. 
(B) a simplified condition, or one less specialized in functions and 
therefore less differentiated in structure. (P. 327.) 

IV. Sup.f (A) a perfunctionate condition of any organ or part, 
that is, one in which an organ is characterized by its highest 
normal functions, /w/, (B) a perverted condition of an organ, 
or a prostitution of it to other than the normal function ; (C) a 
more or less completely defunctionated condition of any organs or 
members. (P. 324.) 

V. Sup.^ (A) a terrestrial mode of life in all stages. — Inf., (B) 
an aquatic mode of life, (a) in the adult stage, but not connected 
with aquatic respiration ; {b) in the larval stage only ; (c) in 
all stages, with aquatic respiration throughout each. A terres- 
trial mode of life in all stages may be distinguished as perterres- 
trial; and an aquatic mode of life in all stages with aquatic 
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respiration, peraquatic. The latter has been observed on page 
830, (Art I.) to have a dilutive effect on the materials and 
powers of growth ; and the effect is similar, though less extreme, 
or semidllutive, when only the young stage is aquatic. (P. 830.) 

VI. Sup,j (A) permaturaCive in development : of which there 
are two grades in Insects — the higher (a) when the larve is im- 

J)erfect in its mouth-organs and nearly or quite foot-less ; the 
ower (6) when it has large mouth-organs and is locomotive and 
active. Condition b distinguishes the lower subdivision of Hy- 
menopters, and a the other species. Condition a may occur in 
inferior grades, as among Coleopters, apparently through degrada- 
tion. — Inf., (B) prematurativej or passing through no period of 
rest in the young state, as in Insects undergoing no complete 
metamorphosis. (P. 828.) 

VII. Hup., (A) hohzoic, or strictly and wholly animal in type, 
being neither radiate externally or internally, nor attached, nor 
having the power of budding. — /n/, (B) hemiphytoid, either in 
(a) having the faculty of budding, or (b) in being attached, or (c) 
in being radiate externally but not internally ; (C) phytoid^ being 
radiate internally — either (a) this alone, or (6) this in addition to 
the budding function, or (c) in addition to being attached. (P. 
827.) 

VIII. Besides the above there are cases among the higher 
groups which exhibit in the transition to the group next below 
a strongly marked general lowering of grade of sirvcture and po* 
tentiality, but not the prominent characteristics of any one or 
two of the special methods of decephalization. Sometimes it is 
accompanied by a fundamental change in plan of structure, but 
not in accordance with any of the methods enumerated, it being 
of a more profound character. 

The distinction between Megastbenes and Microsthenes under Mam- 
mals is of this kind (p. 338) ; also that of Mammals and Birds ; also that 
of Insecteans and Crustaceans among Articulates. In the last, there 
is not only a change from terrestrial to aquatic life, and a marked am- 
plification of the structure, but also a profound change of type, in which, 
contrary to the transferent method, the Crustacean or inferior type takes 
into the cephalothorax five more of the body-segments than belong to 
this part in Insects; while, at the same time, the body is made normally 
larger by thr^e segments. Moreover, in the highest Crustaceans, the Crabs, 
the head includes three more body-segments than in Insects. The differ- 
ences also between Hymenopters and Dipters (seep. 17), Lepidopters 
and Homopters, Coleopters and Heraipters, exemplify a general lower- 
ing of the grade of structure^ not referable to any special one or two of 
the methods of ccphalization. The general term potential is applied to 
eases like the above on page 322 of Art. I, as a convenient term, though 
really applicable to all methods of cephalization. 

Internal charaeteristica, as those of the digestive, reproductivd 
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or nervous system, have not been referred to among the above 
characteristics, because (1) they often undergo very wide varia- 
tions under a given type, and especially in its inferior or degra- 
dational subdivision; further, (2) when any internal condition 
is distinctive of a natural group of species, there is always some 
type or plan of general structure corresponding to it in limits ; 
and (8) the type or plan of structure is the surest criterion as to 
whether a group is natural or not. As an example of this last, 
it may be observed that the Radiate or j^f^ytoid plan or type of 
structure overrides vast diversities, as to the nervous, digestive 
and reproductive systems ; and so it is, though to a less degree, 
with subordinate types or plans of structure. Herbivores and 
Carnivores, regarding only the characteristic of food, blend as 
completely as any Lamarckian could desire ; for there are omniv* 
orous species of both tribes. And again, looking to the charac- 
teristics of the placenta, a point seemingly of great importance 
because connected with the process of development, — a decidua 
is developed, according to Huxley, in the Herbivorous Elephant 
and Hyrax, as well as in the Carnivores and higher Mammals, 
Bats, Insectivores and Bodents, but not in the Horse, Hogs, or 
Buminants. And still Carnivores and Herbivores are in struc- 
ture distinct natural groups. Besides other decisive distinctions, 
the former have without exception prehensile fore-feet, while in 
the latter, these organs are defilnctionated of this power of pre- 
hension, and are simply locomotive organs. 

Classification* of Insects. 

The three grander subdivisions of Insects have been indicated 
in Article I, on page 844 — namely (1) Prosthenies or Clenopters^ 
{2) Metasthentcs or Elytropters, (8) Thysanures or Apters. 

The transition from the Prosthenies to the Metasthenics has 
been shown to depend on a transfer of force and function away 
from the systemic centre ; and this by an abrupt transition, pro- 
ducing an abrupt downward step in grade. 

This retroferent transfer is exhibited prominently in the wings, 
the anterior wings in the Metasthenics having little or no use in 
flying. These organs have been stated to have eminent import- 
ance in the order of Insects because the type is aerial. There is 
additional reason for this importance in the fact that the dorsal 
side of an animal is the superior^ and the ventral, the inferior ; or, 
the former is the more central in the life-system, and the latter 
the more circumfei^eniial. 

As the series of legs, as well as wings, may present cases of 
transfer of locomotive functions, the terms Prosthenies and ifetas- 
Hienics become more precise if reference to the wings is included. 
They will thus be {nre^y being the Greek for wing) (1) Ptero' 
fmthenics, and (2) Ptero-metasQienics. The two-winged a^eciea 
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under the former (the Dipters) have the posterior wings obso- 
lescent, and those under the latter (Strepsipters) the anterior.* 

Insects of the first of these grand divisions are eminently 
pterosihenic or strong in the wing — Hymenopters, Dipters, Lepi- 
dopters and Neuropters being relatively good flyers. Those of 
the second are as decidedly podostJienic — Coleopters, Hemipters 
and Orthopters being relatively poor flyers, and strong in the leg. 
Consequently the terms Pterosthenics and Podosthenics might be 
employed for the two grander divisions of Insects, as well as for 
those of Birds (Art. I, p. 348). Yet their use in the two cases 
would be different; for in Birds the wings and legs are relatively 
anterior and posterior members, and not dorsal and ventral as in 
Insects. But since the dorsal and ventral parts have a similar 
opposite relation to the systemic centre as the anterior and 
posterior, as just now remarked, the difference is one of degree 
rather than of kind. 

As there are pteroprostlienic and pterometasthenic Insects, so 
there are /?orfoproathenic, or those in which the anterior legs are 
stronger than the posterior, and ^ocfometasthenic, or those in 
which the posterior are the main organs of locomotion. Fleas 
and Grasshoppers, as they use their hind-legs for leaping, are ex- 
amples of the latter. This sthenic difference in the feet, though, 
of less weight as a mark of grade than that in the wings, is of 
real value among inferior subdivisions. 

The T'hysanxires or Apters^ which constitute the third grand 
division, are urosthenic, most of the species having even the 
power of leaping by means of the caudal .extremity. 

After these observations on the grander subdivisions of In- 
sects, I present a synopsis of the general system of classificatioa 
arrived at by the aid of the principles explained; and following 
this, some of the characteristics of the groups, especially those 
which are marks of grade on the basis of these principles. To 
the names in the synopsis are added only the two characteristics 
of (1) perten-estrial (terrestrial in both larval and adult life) or 
semiaquatic (aquatic in larval life), and (2) permaturative or pre- 
^ maiurative. 

I. Ptero-prosthenics, or Ctenopters. 

1. Apipens (from Apis hee and penna wing, the -wings being 
approximately like those of the Bee). 

a, Hymenopters, — Perterrestrial. Permaturative. 

6. Dipters, — Mostly perterrestrial. Permaturative. 

e, Aphanipters (Fleas). — Perterrestrial. Permaturative. 

* As the anterior pair (or that which is obsolescent in the Strepsipters) is of little 
functional value in the Pterometasthenics, the distinction of two-winged or four- 
winged among them is of much less importance than among the PteroprosUienics. 
Moreover, there is a line of gradation from ordinary Coleopters to the otrepgipters 
tbrougb the Ubipipbondss, 
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2. Amplipens (from amplus large and pennd). 

a. Lepidopters, — Perterrestrial. Perm atu rati ve. 
6. Jlomopters, — Perterrestrial. Prematiirative. 
c. Trickopters, — Seraiaquatic. Permaturative. 

8. Attenuates, or Neuropters. 

a. Apipenniforms, — Perterrestnal. Permaturative, or prem atu rati ve. 
6. Amplipenniforma, — Perterrestrial, or semiaquatic. Permaturative, 

or premnturative. 
e. PerattenuateSy or Typical Neuropters. — Semiaquatic. PrematiH 

rative. 

n. Ptero-metasthenios, or El3rtropter8. 

a. Coleopters. — Mostly terrestrial. Permaturative. 
5. ffemipters, — Mostly terrestrial. Prematurative. 
c. Orthopters. — Terrestrial. Prematurative. 

a. Cursors, 

p. Ambulators. 

y, Saliators, or Typical Orthopters. 

IIL Thysanures, or Apters. 
Lepismians and Podurians. 

I. PTERO-PROSTHENICS, or CTENOPTERS. 

L Apipens. — The structures among Apipens are compact, com- 
paratively uniform in proportions, and with rather narrow limits 
as to size, much narrower than in the Amph'pens, Coleopters or 
Orthopters. The species are strongly pteroprosthenic, the ante- 
rior wings being much the larger. The wings are essentially of 
one type of form and texture, and are well described by the 
term api/orm; they are free from scales and other defunction- 
ating appendages or impediments, and are rapid in motion ; in 
the second subdivision the posterior pair is wanting, and in the 
third, both pairs. The species are almost all perterrestrial. All 
are permaturative, and, with a few exceptions, they are so in 
the nighest degree (Char. VI, A, a, p. 12). 

a. Uymenopters. — The Hymenopters are the most uniform in 
shape or size of Apipens. The integuments are firm, the parts 
neatly adjusted and all well-proportioned. Among them, there 
are no imitations of the forms in other tribes, while they are ex- 
tensively copied after — a characteristic peculiar to a type of the 
very highest grade.' The mouth has a suctorial lip for feeding; 

' This point is well presented in a recent paper on " Synthetic Typen in Insect*,*' 
by A. S. Packard, Jr., {Jotir. JBoxton, Soc. Nat. Hist., 1863. pp. 590-603). The au- 
thor observes, on page 591, "the clear winged Sesia [Lepidopter] imitates the 
humble-bee in its form and flight; the different species of JEgerians [Lepidopters] 
simulate members of nearly every hymenopterous. family, as we can see when re- 
calling such names as api/ormiSf vespiformis, philanthiformis, tiphiceformis, scolict" 
formis^ spheciformis, chrysidfformis, cynipidifortnis, formiciformis^ ichneumonifor- 
AIM, uroeeri/ormit, and tenthredi/ormis. So also other iEgerians resemble different 
family forma of Diptera^ as seen in the names of ctUiciformis^ tip^iformU^ 6i6io* 
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but, besides this, well-developed mandibles, and these serve in 
many species for the high purposes of making nests, taking prey, 
transporting young and food : the jaws are therefore perfunc' 
tionate in these species to a degree comparable with that of the 
jaws of a Carnivore among Mammals. The higher kinds also 
supply the young with food, either by storing it or by direct feed- 
ing — a quality approximating to that of the Altrices (Nursers) 
or highest subdvision of Birds. The food is either vegetable or 
articulate-animal, not vertebrate-animal ; the animal food being 
thus the same in kind with the material to be made of it, just as, 
among Mammals^ the highest of Carnivorous species live on the 
flesh of Mammals, and only the lower on fish and insects. In- 
dividuals of many of the higher species live in communities for 
mutual work and with sometimes a special division of the work 
among them. The wings are fitted eminently for the legitimate 
purpose of flying, and are typical in size, texture and power. 
The species are all perterrestrial.* 

The above characteristics show that the tribe of Hymenopters 
takes the lead among Insects, and therefore stands at the head in 
the subkingdom of Articulates. 

Note on Size under the Insect-type. — If, then, Hymenopters stand 
first among Insects, we may learn from the higher of the species 
the normal size of the Insect- type under its best condition as to 
structure, form and functions. This archetypic size is between 
8 and 12 lines (or twelfths of an inch) in length and 2^ and 3 in 
breadth : — taking the Wasps as the superior type, 11 lines by 
2^ to 8; taking the Hive-bee, 8 by 2 J. Such being the size con- 
nected with the most highly cephalized condition of Insect-life, 
(1) any larger size of structure among inferior tribes of Insects is 
an exhibition of amplification^ that is, of a more diffused condition 
of the systemic forces — which force never exceeds that of the 
archetype, and may be less to any degree ; (2) the more inferior 
the group in which large forms occur, the greater the amount of 

formia, anthradformU, musccB/onniSj c&c. In the Diptera we find Bombyliut, 
resembling, as its name implies, Bombus; and also Laphria, which so closely apes 
the humble-bee in its form, coloration, size and flight, even to the buzz, which is, if 
anything, still louder. Also there is the strongest resemblance in some Syrphi to 
Veapa, and especially to different species of Crabro. But while the Lepidoptera and 
Biptera resemble the Hymenoptera, we cannot say that Hymenoptera ever tuiawne 
the form of any flies and moths. They seem isolated ; and resemble only themselves. 
In the case of the Laphria^ the plump, bee-like form, and the dense yellow and black 
hirsuties, which cause them to be mistaken for humble-bees by persons unacquainted 
with their structural differences, are just those features that are exceptional in the 
Diptera, and are normal in the Hymenoptera. The fly to get them has to pass over 
one sub-order to obtain a bizarre form which is a prevalent and common family 
attribute of the Apidse." 

Addition to Note^ while in the press. — These, and other observations beyond, for 

which I am indebted to Mr. Packard, are so apposite to my subject as to appear as 

if prepared for the use here made of them. In fact, however, my paper with its 

notes was written without any acquaintance with the author beyond what I bad 

Relived from bia raluable paper, and also without his knowledge. 

* Some H/meDopten can swim with tbe\x wmg« ot \e^ \ \>\]l\. noicvA «x« lemxaquoJiU. 
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amplification for any given size ; and (3) structures below the 
arcnetypic size in inferior groups may be amplificate upon smaller 
life-systems. Thus the gigantic size of some beetles is evidence of 
their inferiority to the Hymenopters, however it may be among 
Coleopters themselves ; the great size of some Longicorn Coleop- 
tera is unquestionably a mark of inferiority among Coleopters, 
as they belong to an inferior subdivision of the tribe of Coleop- 
ters; the extravagant size of some Orthopters is a mark of 
much lower inferiority, as this type is one of the lowest in rank ; 
and the moderate size among Ilemipters, which does not exceed 
the mean size of Coleopters, is amplificate, since the Hemipter- 
type is much inferior to the Coleopter-type. 

0. Dipters. — The Dipters vary >yidely as to general form of 
body, and considerably in size, though never attaining the mag- 
nitude of some Coleopters ; but in their wings and legs there is a 
general uniformity. The integuments are less firm than in Hymen- 
opters. The mouth is simply suctorial, and self-feeding is the 
only function. Individuals never live in communities. The 
food is various, either vegetable, articulate-animal, or vertebrate- 
animal, and either living, freshly dead, or decaying. The spe- 
cies are mostly perterrestrial, — one group among the attenuate, 
and therefore inferior, kinds being semiaquatic. 

The rudimentary condition of the posterior wings in Dipters 
is attended with (1) an enlargement of the mesothorax (the seg- 
ment supporting the anterior pair) at the expense of the meta- 
thorax (or posterior segment of the thorax), and (2) an increased 
size in the wings, making their surface nearly equal to that of 
both pairs in Hymenopters. It is hence an example o{ forward 
transfer of function, such as attends higher cephalization, and 
not of ellipsis through degradation. But while this character- 
istic proves cephalic concentration, others of this type show that 
the degree of force thus concentrated is far less than that of the 
Hymenopter-tvpe. For the Dipters evince in all points their 
inferiority : — ^for example, in the structure or functions of the 
mouth, in their vastly wider limits of variation as to shape and 
size, in their many imitations of Hymenopters, in the semiaquatic 
life of some species, their less strength as compared with size, 
their habits, &c. It is stated on page 12 that the transition from 
Hymenopters to Dipters is an example of a general lowering 
of grade not referable to the particular methods of cephalization 
enumerated ; that is, it is a case of profound potential difference 
registered in the general structure rather than in any one struc- 
tural characteristic. 

The foot note on the preceding page states some of the rela- 
tions between Dipters and Hymenopters. On this point West- 
wood says : " It seems to be admitted on all hands that the 
Insects which are the real analogues of the Hymenopters exist in 

Am. JoiTB. acL—SscoND SxBiESf VoL. XXXVII, No. 109.— J A»., 1864. 

s 
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the Dipterous order, almost every Hymenapierous genus having 
its representative in the latter/' The analogies as well as affini- 
ties are so many and close that there can be no question as to 
the union of the Hymenopters and Dipters in the one group of 
Apipens. 

c. Aphanipters, — ^Fleas have a suctorial or haustellate mouth 
like Dipters, and firm shining integuments like Hymenopters; 
and, as with the higher species of both tribes, they are permatu- 
rative in the highest degree, and perterrestrial. But wnile thus 
related to the Hymenopters and Dipters, they differ from both, 
not only in the less important fact of having no wings, but in 
being metapodosthenic, for the hind-legs are not merely the 
longest pair, but the main reliance in leaping. They show that 
they are an independent type, also, in the structure of the haus* 
tellate mouth, which is different from that of the Dipters ; and 
also in their strength and agility. Defrance asserts that the 
female places with the eggs some bits of dried blood; and if so, 
there is a degree of nursing among Fleas which is an additional 
relation to the Hymenopters. The body is amplificate behind 
The absence of wings is to be attributed to ellipsis through 
decephalization. 

2. Amplipens.— The Amplipens are amplificate species, being 
eminently oroad- or long-amplificate in their wings, and usually 
either long- or gross-amplificate, or both, in body ; and among 
them there is a very wide diversity in shape and size, in which 
respect they are quite in contrast with the Hymenopters. The 
wings in the more typical species are slow in motion and are 
covered with scales and variously colored, often seeming like a 
wide spread of canvas for the display of pretty colors. The 
mouth in the adult is rostrate (except in a hypotypic group of 
species that eat nothing in the adult state) and has no function 
besides that of feeding. The species are all perterrestrial, ex- 
cept in the hypotypic group referred to. Those of the highest 
subdivision are perraaturative, and the rest are prematurative ; 
and when permaturative they are so only in the second degree 
(Char. VI, A. 6.), the larves being very active, and furnished 
with strong jaws and feet. 

a. Lepidopters, — The wings of Lepidopters are typically Y^jy 
broad-amplificate, scale-covered and variously colored, with the 
anterior pair the larger ; in inferior species the wings are com- 
paratively narrow, but through degradation of type. The am- 
plificate character of the tribe is also apparent in the fact that 
the smallest species are far larger than the smallest of Apipens 
and of most other tribes of Insects. The mouth is haustellate, 
with the mandibles atrophied or nearly so.* The species are all 

* It has beea argued that since the larves of Lepidopters have mandibles, 
wMie the butterjQies Jiav-e these organs only in a -rudimentary state, the latter concK- 
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perterrestrial and permaturative. Some caterpillars are in a sense 
social, but not for mutual work, and adults are never social. 

b. Homopters, — In Homopters, the wings, though large, are 
less broad than in the typical Lepidopters. They are submem- 
branous or a little thickened in the larger species, but not scale- 
covered, and are thin-membranous in the smaller; they are some- 
times colored (in Fulgora^ Cercopts, &c.), as in Lepidopters; the 
posterior are often equal to the anterior, and sometimes larger ; 
in many species they are deflexed in position, roof-like. The 
mouth is simply haustellate and suctorial ; though having man- 
dibles, they are enclosed within the rostrum. The species are 
perterrestrial, as in the preceding group, but are prematurative. 

Prof. Agassiz, in his memoir on the Classification of Insects, 
(see note below,) places the Hemipters (including under this 
term the Homopters as well as Hemipters) next to the Lepidop- 
ters, on tl^e ground of the structure of the mouth and their de- 
velopment. While this cannot be sustained with regard to the 
proper Hemipters since these are pterometasihentc, it is true of 
the Homopters which have sometimes a striking resemblance to 
Butterflies in their large-amplificate, colored wings, besides being 
fteroprosthenic and otherwise approaching the Lepidopters. 

c. Trichopters, — The Trichopters, while permaturative like the 
Lepidopters, are semiaquatiCf and hence are inferior to both 
Lepidopters and Homopters. The wings are pilose, and are 
veined like those of a Lepidopter instead of being reticulate 
like those of a Neuropter; in position they are deflexed, roof- 
like, Bifi in many Homopters and Lepidopters. The mouth-or- 
gans are almost completely atrophica, and the adult takes no 
food, so that the Phryganea has little use for its head, being 
almost solely a procreator. The larve spins silk-like fibres from 

tioD 18 evidence of superiority of rank among Insects in general. (See Agassiz on 
the Classification of Insects from Embryological data.) But as Lepidopters are on 
▼arioos g^unds inferior lo Hjmcnopters, this is manifestly one of the many cases 
in which the embryological law with regard to grade does not hold good. Others 
are alluded to in the remarks on the elliptic method of decephalization, on page 
440 of the last volume of this Journal An additional example is afforded by the 
C^rripeds. The attached amplificate and defunctionate Barnacle or Anatifa is not 
superior to the free Cypris or Ostracoid Crustacean, although it is the adtdt stage 
following an earlier Cypris-Iike condition of the animal. So in the case of any 
attached species, the moment of becoming attached is the commencement of vege- 
tative increase, partial or complete defunctionation of the organs of sense, and 
general decline in grade. The progress thence is backward, toward a plant-like 
condition ; it is a degradation of the type, as much as when the digestive system 
of certain Nematoid Worms becomes atrophied with growth. 

Exceptions like these do not set aside the embryogenic law of grade : they only 
show tliat this law must sometimes, at least, be tested by the profoundcr law of 
cephalization, before it can be safely followed in determining the grade of species. 
For, as the writer has observed elsewhere {this Jour.^ [2], xxv, 213, 1858), the steps 
in embryogenic development are, in a general way, steps in the cephalization of 
individual growth. The former affords aid toward understanding the latter; and 
the latter principle, once recognized, more than reciprocates. 
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the extremity of the abdomen, or the lip, or both, and by this 
means unites bits of sticks, pebbles, etc., into a portable case or 
sheath for itself 

All entomological writers acknowledge that the Trichopters 
resemble Lepidopters, They have so much the aspect of some 
Phalaenids, that they were called Mouches papillonacies by Beau* 
mur; and ihe larves, according to De Geer, are closely like 
caterpillars in internal organization. Other Lepidopteroid char- 
acteristics mentioned by different authors are observed in the ru- 
dimentary condition of the mandibles, the structure of the legs, 
the faculty of spinning fibres possessed by the larve, the portable 
larval sheath closely imitating those of the larves of many Tineids 
and the Psychids. One genus of Phryganeans is named Hvdro- 
psyche in allusion to the resemblance, and Newman transierrcd 
the genus Psyche from the Lepidopters to the Trichopters. The 
«)ecies naturally constitute a hypotypic group to the Amplipens. 
The hypotypic division of a terrestrial group often consists of 
aquatic or semiaquatic species. Although the Trichopters are 
generally united to the Neuropters, they are always placed to 
one side in a group by themselves, on account of their wide di- 
vergence from that type. The parallelism between the subdi- 
visions of Amplipens and those of the Amplipenniforms on page 
22, further sustains our arrangement. 

8. Attenuates, or Neuropters.— The Neuropters are mostly long- 
amplificate, being generally slender in body, wings and legs; 
they are also widely diverse in shape and size. The wings are 
membranous, but are sometimes partly colored ; they are often 
equal ; the posterior are sometimes even the larger, but scnne- 
times also much the smaller, and occasionally oDsolete. In a 
few species both pairs are wanting. The mouth, unlike that of 
the Lepidopters and Homopters, but like that of most of their 
larvesj is not suctorial but mandibulate. Among the species 
there are perterrestrial and semiaquatic kinds, and also permata- 
rative and prematurative. 

Two of tne subdivisions of Neuropters appear to be represen^ 
atives severally of those of Apipens and Amplipens, and may 
accordingly be named the Apipennt/brms and AmpUpenniforms, 
The third includes the typical Neuropters, the species which 
stand most widely apart from the other tribes of Insects. 

a. Apipenm/orms, — The Apipenniforms show their relation to 
the Apipens, both in their structure and habits, the higher spe- 
cies being related to the Hvmenopters, through the Ants, and 
the lower to Dipters, through the Tipulids. Like Apipens, also 
they are all perterrestrial, although not all permaturative. The 
two subdivisions are (1) the Termitideans (White- Ant group) or 
Hymenopteroid species whose Ant-like habits are well-known ; 
and (2) the Panorpid&ans or Dipteroid species, having the mouth 
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TOfitrate, tlie wings narrow, and the legs and body slender, as in 
the Tipulae.' 

6. Amplipennt/orms, — The Amplipenniform Neuropters are 
related to the Amplipens in having the wings amplificate; but, 
as follows naturally from the fact of the inferior grade of Neu- 
ropters, these wings resemble rather the narrower forms of the 
inferior Lepidopters, or those of the Homopters and Trichopters, 
than the wide forms ^f the typical species — they being long- 
amplificate and at the same time only sparingly broad-ampliti- 
cate. In some apecies they are partly colored, another Lepidop- 
leroid charactelr. They diverge most widely from those of the 
Lepidoptera in being reticulate, which is a special Neiiropterous 
characteristic, although not without exceptions. The posterior 
pair is sometimes a little broader than the anterior. The species 
are either perterrestrial or semiaquatic, and either permaturative 
or prematurative. 

' A. S. Packard, Jr., in his memoir already mentioDed remarks as follows on the 
Termites, and the Panorpids. 

'* Tlie J^ormieideB among Hymenoptera have in the Neuroptera their well-known 
analogues, the Termites or White Ants. Like the true antB, these interesting in- 
sects rear nests of sand or clny, or the colonies are concealed beneath various ob- 
jects, or is decayed trees and roots. There are also a dififoretitiation of tlie individual, 
a pairtition of labor, and wonderful instincts, as in ants. Those characters which 
place the Thrmilidoi the highest in their suborder are just those wliich make them 
so much like Hymenoptern. Thus, in the small occiput, the large epicranium which 
occupies the largest part of the head, and in the general arrangement of the small 
moutk-pairts, this family differs widely from other Neuroptera. Though the pro- 
thoras is large, yet the middle region of the body is massed together more than 
Bsoal Like the ants, the costal nervures of the wings are well-developed, while 
those occupying the hinder portions of the wings are obsolete. Indeed, both the true 
and white ants db not fly much, and that for the most part when swarming."— p. 601. 

** The family PanorpidoB assumes dipterous shapes. Biltacut has its analogue in 
the fly Bittacomorpha. The resemblance of the female Panorpa to Tipula is yery 
striking. In both the mouth parts are greatly elongated, and the head much pro- 
duced in that direction, leaving a very short vertex ; and the antennae are much the 
same in sixe and shape. Panorpa is remarkable for the short, ovate, compressed 
thorax, owing to the reduced size of the prothorax, and the compactly massed notal 
and side pieces, wherein it simulates Tipula ; but the resemblance is still greater in 
the elongated epistema and cox®, and tne long slender legs. If we go more care- 
fully into a comparison of the notum of both insects, we shall find the laree meso- 
seotum, the short scutellum, and the longer-than-broad horse-shoe-shaped scutum 
of the metaihorax of Panorpa closely resembling those pieces in Tipula. There is 
the same form of the first pair of wings. In both the straight costa bends gradually 
around at the apex, as the inner edge curves up just as rapidly to meet the costa 
at the apex which is situated in the middle line of the wing. Also in the disposition 
of the main nervures, their relative distances apart, and their termination, even to the 
formation of the pterostigma and the branches that lead to and from it, the analogy is 
still maintained. At the base of the wing, and towards the outer margin of Tipula, 
there are a few cross recurrent nervules, and irregularities in the branching of the 
principal nervures that remind us of the system of net- veins that cross the wings of 
Panorpa. The abdomen in the two genera is dilated at its base and appressed to 
the thorax ; and in its long cylindrical form it bears a similar proportion to the 
head and thorax, while the swelled extremity and genital pieces in the females of 
both genera are strictly analogous. Both genera agree, according to the represen- 
tations of authors, in supporting themselves on their long legs, while introducing 
their slender and pointea abdomen into the earth, when about to deposit their eggs? 
pp. 694^ 595. 
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They include : (1) the Planipennians, (Myrmeleontids, Heine- 
robiids, Nyraphids, Mantispids and Semblids) which are Lepid- 
opteroid in being permaturative^ as well as in the other charac- 
ter already mentioned, and which, excepting the Semblids, are 
all perterrestrial — (2) The Psocideans, which are Homopteroid in 
being prematurative and perterrestrial, and which, as observed by 
Packard, approach in form and in the roof-like position of the 
wings the Homopterous group of Aphides/ The little book- 
lice belong to this group, and thus represent the plant-lice among 
the Homopters. — (8) The Perlideans^ semiaquatic and prematura- 
tive species, which are Trichopteroid (or like the Phryganeans) 
in the form of the wings, in the larve being not only aquatic but 
also living in a sheath^ and in the adult eating little or nothing. 

Thus each subdivision of the Amplipens, the Lepidopterous, 
Homopterous and Trichopterous, appears to be represented in 
the subdivisions of the Amplipenniforms. 

The subdivisions of Attenuates or Neuropters deduced are 
the following : 

1. Apipenniforms. 

1. Termitideans, or Hymenopteroid group. 

2. PanorpideanSy or Dipteroid group. 

3. Apkanipteroid, Group unknown. 

2. Amplipenniforms. 

1. Plannipennians, or Lepidopteroid group. 

2. Psocideans, or Homopteroid group. 

3. Perlideans, or Trichopteroid group. 

3. Perattenuates or Typical Neuropters. 

1. Libellulideans, 

2. Ephemerideans, 

As the higher Apipenniforms, the Termitideans^'^T^ prematura' 
(ive, while the Dipteroid Panorpideans and the higher Amph- 

^ Mr. Packard observes with regard to the Psocideans t-— 

" The Psocidce find their 'analogues in the Hemiptera [Homoptera]. The spedes 
of Psocus are so much like the Aphidse that when flying thej are often mistaken for 
each other. And, indeed, in the short broad body and broad head and long antennas, 
in the very unequal wings, which are folded roof-like oyer the short abdomen, in 
their simple neuration, in the short legs and feeble tarsi, and in their mode of flight 
and their appearing winged towards the close of summer, these small insects are 
remarkably like the winged plant-lice." 

He also illustrates at some length the relations of some of the Planipennians to 
the Lepidopters, in the course of which he remarks, that among the Myrmeleontids 
** Ascalapkiu was described by Scopoli as a Papilio, and has been said by Klrby to 
resemble Heliconia." The form of the antennae is strikingly Lepidopteroid in its 
club-like shape, and its rather broad wings are colored. We add that the species of 
JDrepanopteryx^ a genus of the Hemerobiids, closely resembles some of toe small 
Butterflies, and is called D. phalamoides. 
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pennifonns or Plannipennians are permaturativey it might be 
qaestioned whether the latter groups should not rank before the 
Termitideans, among Neuropters. If so, then the groups con- 
sidered as Di|)teroid and Lepidopteroid would stand above the 
Hymenopteroid. But since Hymenopters are the highest of Api- 
pens (and the highest therefore of Insects), and consequently 
occupy a level far above that of the Dipters (the second subdi- 
vision of Apipens), or that of the Lepidopters (the first of 
Amplipens), it is natural that the descent required to bring the 
Hymenopterous type down to a Neuropterous level should be 
much the greatest; and hence comes apparently this sinking to 
the jorcmaturative characteristic, — the Hymenopteroid division prc- 
maturative, being not below the Dipteroid or Lepidopteroid per- 
maturative. 

c PeroMenuatea or Typical Attenuates, — The body and wings in 
these species are narrow or long-amplificate, the posterior wings 
sometimes small or wanting. The species are semiaquatic and 
frematurative. 

They inclrde : (1) the Libellulideans, which have the wings 
nearly equal, <tnd the mandibles stout ; and (2) the Ephemerideans^ 
whicn have the posterior wings smallest and sometimes obsolete, 
and the mouth organs in the adult atrophied. The latter show 
their inferiority in being short-lived and in eating nothing or 
but little in the adult state ; the functions of the adult are almost 
solely those of the posterior portion of the body. 

II. PTERO-METASTHENICS, OR ELYTROPTERS. 

a, Coleopters, — Coleopters, in their compact structures consist- 
ing of well-adjusted parts, their comparatively limited diversity 
of form, and their being imitated by many species of other 
tribes while never themselves imitators,' exhibit the characteris- 
tics of a type of the highest grade in its subdivision. At the 
same time they show inferiority to the Hymenopters in their 

* A. S. Packard brings oat this fact, in his pamphlet, in connection with the cor- 
respondiog one with regard to Hymenopteif already cited. He says " There is a 
similar parallelism of analogous forms between the Coleoptcra, Hemiptera, Or- 
thopkera and Neturoptera, which seem bound together by affinities such as those 
that unite by themseWes the fiees, Moths, and Flies." ** The suborders below 
readi op and connect themselves by these remarkable analogies with the Coleoptera, 
which do not in torn assume any of their forms. Some Orthoptera are very 
GoleopteroDS-like, and some Hemiptera are very Coleopterous-like. The reverse 
cannot be said." 

Mr. Packard, adopting, yet it would seem from hia words provisionally, the two 
grand divisions of Insects of MandibtUates and Haustellatesy remaiks that they 
culminate in the Coleopters and Hymenopters, respectively. As the Hemiptersare 
hauxteUate^ the facts respecting their relutions above mentioned go against this old 
division of Insects and sustain fully the new arrangement proposed in which the 
Hemiptera follow the Coleopters although the latter are mandibulate, — the distinc- 
tion of mandibulate and haustellate, as the system shows, being one of minor im> 
portance. 
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stouter or grosser forms, and their greater diversity as to size and 
shape; in the jaws of the highest species being perfuuctionate 
to a less degree ; and, very decidedly in their metasthenic nature 
as regards the wings, the anterior pair being only wing-covers 
or elytra. The mouth is raandibulate, and often rodent as well 
as feeding. In some species there is a degree of care for the 
young that approaches somewhat that in the Hymenoptera 
They never live in communities for mutual work. The food, 
like that of Dipters, is various, being either vegetable, articulate- 
animal or vertebrate-animal, the last either living, freshly dead 
or decaying. The species are mostly perterresttial. They are 
all permaturative. 

b, Hemipters. — Among Hemipters the structures are rather 
laxly put together compared with those of Coleopters, the body 
thinner and softer, the wings usually more or less overlapping ; 
and their strength for the same size very much less. There are 
some of the same differences between Hemipters and Coleopters 
as between Dipters and Hymenopters. Though never very 
large,' they appear to be amplificate species, — sometimes broad- 
amplificate, being thin for their breadth, and sometimes long- 
amplificate. The elytra are coriaceous only in the basal half; 
and this thinning of the wing-covers comports with their being 
systemically weaker animals than Coleopters. All the wings 
are sometimes obsolete, as in the Pediculi. The mouth is sac- 
torial, and simply gnawing and feeding in function. The species 
are mostly perterrestrial, and all are prematurative. 

c. Orthopters, — The Orthopters also have a lax structure and 
rather soft bodies. They are either broad- or long-amplificate, and 
sometimes extravagantly so, and by their occasional great size, 
as well as the non-occurrence of very small species, they exhibit 
the low inferiority of un concentration : they are low because 
large. The elytra are semicoriaceous. Both pairs of wings are 
sometimes obsolete. The mouth is mandibulate, and simply 
gnawing and feeding in function. The species are mostly per- 
terrestrial, never semiaquatic ; all are prematurative. 

The Orthopters include tHree grand subdivisions, — the first 
and second representatives respectively of Coleopters and Hemip- 
ters, and the tliird typical. 

(1) The Cursors or Goleopteroid species consist of the Blatta and 
Porficula groups, which, though elongate, are still comparatively 
short in body, and much like Coleopters ; the wings in the Blat- 
tids are rather lax, and the bodies soft for the size. 

(2) The Ambulators or Hemipteroid species, that is, the Man- 
tids and Phasmids. The species are often thin and broad, and 
simulate leaves, bark and sticks in color and markings ; and in 
this respect this group and the Hemipters show an approxima- 
tion. There is also some approach between these groups in the 
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texture of the wings as well as the rather slow habit of body in 
many kinds. The Orthopterous Nirmids or Bird-lice represent 
the Hemipterous Pediculi or common lice, and so nearly that 
they are often arranged together in one tribe. The resemblance 
of these Orthopters to the Hemipters is less close than that of 
the preceding subdivision to the Coleopters. It is to be consid- 
ered, however, that the Hemipters, although amplificate, are 
much more restricted in size, and therefore do not run off into 
those extravagances which give to Orthopters their most obvious 
features. 

(c) The SaltatorSf or Typical Orthopters, (Grasshoppers, Crick* 
ets, &c.,) differ from the preceding in being strongly podometa' 
sthenic, a mark of low inferiority. The species show that they 
are the typical Orthopters by their trim and well-made forms, 
their great leaping powers, and the absence of any close likeness 
to other groups. 

III. THYSANUBES, or APTERS. 

The Lepismians and Podurians are the only apterous Insects 
here included. 

The Lepismians are larve-shaped with the distinctions of head, 
thorax and abdomen imperfect ; the abdomen is long and 9 or 
10 jointed; the body is usually covered with scales as in Lepi- 
dopters : the extremity of the abdomen bears setaa as in some 
Neuropters and Orthopters. The mouth is mandibulate. They 
are quick in movement, having a worm-like motion, and some 
of them leap by means of the caudal extremity. 

The Podurians are rather short in body, the abdomen short, 
4 to 6 jointed ; the body sometimes scaly ; the extremity, or the 
under surface near the extremity, furnished with a seta for leap- 
ing except in one genus Anura; the mouth mandibulate except 
in the Anurse, in which it is suctorial. 

The Lepismians have been often said to be related to both 
Lepidopters and Neuropters, and some authors regard them as 
apterous species of the latter group. Erichson referred them to 
the Orthopters. 

The reasons for making the Thysanures a third grand division 
of Insects, and for not including in the same other apterous 
groups, are as follow : 

1. The agility of movement of these species show that they 
are not degraded forms pertaining to the inferior limits of 
another higher type, but constitute an independent type, or, are 
typical in the grand division to which they belong. 

2. While the Lepismians may be regarded as related to Lepi- 
dopters and Neuropters, such caudal setae are found in no Lepi- 
dopter and the scales on no Neuropter. They stand in distant 
relation to both. 

Ajf. JouB. 8ci.— Second Series, Vol, XXXVII, No. 109.— Jas., lBft4. 
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3^ The forms among tbe Lepismians are related to those of 
Myriapods, as has been observed by different writers, and so also 
are their movements. Thus they occupy a position between 
Insects and an inferior order of Insecteans. 

4. The third or degradational group of Insects, if such there be, 
should contain, according to analogy, elongated larve-like forroi, 
such as make an elemenulized exhibition of the Insect-type. As 
the longicaudate Birds, or Erpetoids, constitute the third (x 
degradational division of Birds (aerial Vertebrates), so the longi- 
caudate Thysanures may well represent the degradational divi- 
sion of Insects (aerial Articulates). The shorter Podurians are 
elliptic forms. 

5. While Insects of the first grand division nre prosthentCf and 
those of the second are metastfienic, those of the third are, on the 
scheme proposed, urosUientCj even those few which are not saltih- 
torial using the caudal extremity in locomotion. It accords with 
the relations in many other departments of the animal king- 
dom that these three sthenic grades should mark off the thr^ 
grand divisions. 

6. With regard to the exclusion of other apterous Insects, we 
offer the following remarks. The apterous Pediculi, as Nitzsch 
long since observed, have no characteristics that would separate 
them from Hemipters, and the Nirmids none that would renu)v« 
them from Orthopters. They are simply inferior wingless spe- 
cies of those types, as much as the Coccids are of Homopters; 
and they have nothing of the agility of the Lepismids. There 
are no points of structure indicating an affinity to any two or 
more of the higher subdivisions of Insects, or to the inferior 
MyriapoJs; they are not urosdienic^ being in no way essentially 
different, as regards their legs, from the types to which they are 
referred. 

Fleas are permaturative, like all Apipens, and in this and other 
ways show that they have no relations to the Lepismians. The 
reasons for regarding them as an independent type under the 
Apipens have been presented on page 18. 

The Lspismians and Podurians appear therefore to be rightly 
made the third grand group of Insects. Like the Erpetoid 
birds, and degradational or intermediate types in other cases, 
the group may have been well -represented in species in past j 
geological ages. At the present time we know of only the two ' ' 
above-mentioned families under this type, and both are sup. 

?osed to have closer relations to the Pteroprosthenics than to the 
terometasthenics. If any group ever existed related as closely 
to the Pteroraetasthenics, as the above mentioned are to the 
Pteroprosthenics, and if, besides, there has existed a third typical 
group; the species are yet to be discovered, either fossil or liviag. 
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Parallelism* between Pteroprosthenics and Pierometasihenics. 

(1.) Between Hie subdivisions of the PterometasiJienics and iliose of 
Apypens, or the higher Pteroprosthenics. — The two Jirst subdivi- 
flioos, Coleoplers and Hymenopters^ are much alike in having com* 
pact well-made forms and comparativelj small limits of varia* 
lion, and freedom from imitation of other species while imitated 
by many — characteristics which belong to the highest typical 
sabdivision of a group. They are approximately alike in hav- 
ing the mouth mandibulate, althougn unlike in that the latter 
(or highest species) are also suctorial ; alike also in being with 
few exceptions terrestrial, and also in being perrhaturative. 

Hemipters and Dipters, or the two second subdivisions, are 
alike in having the mouth suctorial, and feeble species for their 
size OS compared with those of the first subdivisions. 

The typical OrOiopters and the Aphanipters, or the types under 
the two third subdivisions, consist alike of saltatorial and podo- 
mHasthenic species. 

(2.) Between die three svbdivisions of the Pterometasthemcs and 
(lie tfireeo/the PteroprosHienics. — The more prominent of the rela- 
tions between Coleopters and Apipens have just been mentioned. 
Those of Hemipters and Amplipens are still closer; Hemipters 
being so near to Homopters in structure, and especially in the 
composition of the rostrate mouth, that they have been placed 
together in the same tribe by most entomologists. 

The Orthopters and Neuropters, or the third subdivisions of 
each, show a degree of approximation in the close resemblance 
in form between the Neuropterous Mantispids and the Orthop- 
terous Mantids, indicating a tendency to run off into the same 
style of amplificate structure, and also in the Cricket-like form of 
the Neuropterous Borei ; more profoundly in the resemblance in 
structure of mouth and the nature of the metamorphosis between 
the Neuropterous Perlse and the Orthopterous Phasmids, as re- 
marked upon by West wood. 

Thus the grand divisions of the Pterometasthenics constitute 
a parallel series to those of the Pteroprosthenics. 

The further parallelisms, under both the Pteroprosthenics and 
Pterometasthenics, between the third of the grand divisions of 
each and the first and second have been explained on pages 20 
to 22, and 24. 

The affinities and analogies of species and groups appear hence 
to be fully exhibited in the system of classification presented, 
far more so than in any arrangement of osculant circles. 

(^.) Between the several groups as to Hte number of subdivisions^ 
and tlie grades of types constituting them. — The number of subdi- 
visions in the groups, both the higher and lower, is three,, as in 
most of the classes and orders that came under consideration in 
Article L 
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Of these three subdivisions both among the Pteroprosthenics 
and Pterometasthenics — the first and second grand divisions of 
Insects — the two higher are typical, of different grades, and the 
tiiird is hypotypic. The same is true of the three subdivisions 
of each the Apipens and Amplipens, or the first and second 
grand divisions of the Pteroprosthenics. This is exhibited in 
the following table, in which the grades are expressed by the 
same terms as in Article L 



Betatypic, 

Garainatypic, 

Hypotypic, 



Pteroprostbenici. 

Apipens. 

Amplipens. 

Attenuates. 



PterometMthonicB. 

Coleopters. 
Heraipters. 
Orthopters. 



Apipeni. 

Hymenopters. 

Dipters. 

Apbanipters. 



Anplipen& 

Lepidopters. 

Hoinoptere. 

Trichopters. 



In the Viird or hypotypic division of both the Pteroprosthenics 
and Pterometasthenics, on the contrary, the first ana second of 
the three subdivisions appear to*be hyperiypic groups, while the 
iJiird is typical; and tne hypertypic groups are more or less 
closely representatives respectively of the first and second grand 
divisions, as follows : 



A-Hypertypic, 

B-Hypertypie, 

Typical, 



Attenaates, 
or Neuropters. 

Apipenniforms. 

Amplipenniforms. 
Perattenuates. 



Orthopters. 

\ Coleopteroids, 
( or Cursore. 
^Heniipteroids, 
I or Ambulaton. 
Saltators. 



In the fact that these hypotypic divisions include iwo hypertypk 
fiubdivsions and one, the inferior, typical, there is a parallelism 
with the subdivisions of Fishes, (Art. I, p. 343,) and those of 
many other hypotypic groups of animals. 

Methods o/cephalizaiion, or decephalization, at the basis of the succes- 
sive grades of subdivisions. 

A. In the subkingdom of Articulates, as shown by the writer 
(last volume, p. 7) and long held by Agassiz, the classes or 
highest subdivisions are Insecteans, Crustaceans, and Worms. 

In passing from Insecteans to Crustaceans, the principal meth- 
ods of decephalization illustrated are the amplificative, there 
being a great enlargement through apocentric or circumferential 
extension ; the dilutive, oT a change from perterrestrial to aquatic 
life and respiration (See Char. V, p. 12,) ; and, over and above 
these, a fundamental change of type not expressed in any of the 
special methods of decephalization laid down, (page 12). 

In passing from Crustaceans to Worms^ the methods illustrated 
are the analytic, in the resolution of the body mostly into its 
normal annuli; the multiplicative, in the indefinite number of 
segments; the elUptlc, in the absence of axitenmB, fiaet, &e* 
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B. Tfa-e grand subdivisions of Insecteans are Insects, Spiders, 
and Myriapods. 

In passing from Insects to Spiders, the methods of decephal- 
izatioa illustrated are the retroferent, case a, in the transfer of one 
pair of mouth organs to the locomotive series ; and a shade of the 
emalyth, in the loss of the independent definition of the head 
and thorax. 

la passing from Spiders to Myriapods, the methods illustrated 
are the analytic, in the loss of independent definition of thorax 
and abdomen, and the reduction of the body to nearly equal 
rings all witli nearly similar members; and the muliiplicative. 

0. The grand subdivisions of Insects are Pteroprosihtnics, 
Pteronieiasthenics, and Thysanures or Aplers. 

In passing from the first to the second, the principal method 
illustrated is the reiro/ereni, case*6, as shown in the transfer back- 
ward of the flying function, and also in the locomotive function 
being transferred in a considerable degree from the wings to the 
feet. 

In passing from the second to the third, the methods exempli- 
fied are the analytic, shown in the equal annuli and partial loss 
of distinction of thorax and abdomen ; the retroferent, case b, in 
the transfer backward to the caudal extremity of a part of the 
locomotive function ; elliptic, in the absence of wings ; prematu- 
rative, in there being no metamorphosis. 

D. The grand subdivisions of the Pteroprosthenics are the 
Apipens, Amplipens, and Nsuropters or Attenuates. 

In passing from the fij^st to the second, the principal method 
illustrated is the amphjficate, especially the broad-amplificate, as 
exhibited largely in the wings. In passing from the first and 
second to the i/w^d, the amphjficate, especially the long-am plificate, 
accompanied by a general diminution and inferioritv of life-sys- 
tem, the species being mostly rather small and slenaer. 

The methods are in general the same for the subdivisions of 
the Pterometasthenics. 

E. The grand subdivisions of the Apipens are the Hymenop' 
krs, Dipiers and Aphanipiers. 

In passing from the Jirst to the second, there is a general lower- 
ing of grade of structure (p. 12,) as exhibited in inferior in- 
teguments and strength, and partly defunctionated mouth. 

In passing from the second to the third, the methods exempli- 
fied are the elliptic, in loss of wings ; the retroferent, in the loco- 
motive function being transferred largely to the hind-legs, these 
being the strongest and longest ; the amplificate, in enlargement 
behind and in length of legs. 

F. The grand divisions of the Amplipens are Lepidopters^ 
Homopters and Trichopters, 

In passing from the Jirst to the second, the methods exemplified 
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are mainly the same as in passing from the first to the second 
under the Apipens. In passing to the ihtrdj there are the semi* 
dilutive, the larves being aquatic; and the de/unclionative, the 
mouth in the adult failing mostly of the organs and function 
of feeding. 

The same potential method, which distinguishes Hymenopten 
from DipterSj or the two. highest subdivisions of Apipens, also 
distinguishes the two highest of Amplipens, or Lepidopiers and 
Homopters, and the two highest of Pterometasthenics, or Ookop- 
iers and Hemipters, 

It is not necessary to continue these illustrations further. 

From the above review of the relations of the successive stages 
of groups, it is seen that the distinctions between them are 
throughout strictly ordinal, taking the word in its primary 
sense ; that is, all, from the hi^est to the lowest, are distinc- 
tions in rank. 

Two other points are to be observed in this connection. 

a. The lowest subdivisions of both the Pteroprosthenics and Ptero- 
metasthenics are long-ainplificate ; and in their subordinate subdivx- 
aions the same metliod is ojlen illustrated. — Some Orthopters of 
the family of Phasmids have a length of a foot : there is here 
a diflFusion of the systemic force through a radius twelve times . 
as great as in a typical Hymenopter. Besides this, the force thus 
diffused is much less, for the tribe is among the lowest in the 
order of Insects. The long-amplificate method is frequently that 
of the inferior subdivision in groups of various grades. 

6, Tlie degradational species under a high type are often far infe' 
rior to Hie typical species of a very low type, — Thus species of 
Aphis and Coccus under the Homopters, the former leading 
almost a stationary life and reproducing by budding, the latter 
budding also and completely stationary as regards the female, are 
very inferior in the attributes of life to the active Lepismae. As 
the author has illustrated in his paper on Crustaceans, a type of 
structure requires a certain amount of force to be worked to ad- 
vantage ; and if this force is diminished beyond the proper limit, 
the animal loses activity and becomes low and stupid in every 
function except often the vegetative of growth and reproduction, 
An active animal under this amount of force can be had only 
by a change of type to an inferior grade adapted to the force. 

These two principles are of great importance in classification. 
The first affords an indication of inferiority not to be overlooked; 
the second accounts for the association in one group of very high 
and very low species. 

The following diagram appears to the writer to represent ap- 
proximately the relative grades of the ranges of species under 
the several subdivisions of Insects in the proposed classification. 
Along side of the vertical lines standing for the groups of At* 
tenuatea and Orthopters, tbere areol\iex ^xietN«\k'wi5k.\vaR&\ssi 
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leir subdivisions (pp. 22, 24). The line for the Homopters i» 
lade to run lowest on account of the Aphids and Coccidfi,. 



Apipens. 

^ :: 

Hym. 



Dip. 



Aph. 



r 




Attenuates. 



Col. 



f— 
Ap. 



Amp. 



Hfim. 



Or. 



I. 



n. 



Tlyr. 



III. 



rhich seem to be inferior even to the Pediculi of the Hemipters 
nd Nirmids of the Orthopters. 

Designations of the successive grades of groups. 

The parallelism between the grander subdivisions of the 
'terometasthenics (Coleoptera, Heinipters and Orthopters) and 
lose of the Apipens, (Hj'menopters, Dipters and Apnanipters,) 
ad Amplipens, (Lepidopters, Homopters and Trichopters,) 
jaches that these subdivisions are coordinates^ or of one grade. 
This is further indicated by other points of parallelism, namely, 
lat the first subdivision of the Pterometasthenics and Apipens, 
le Hymenopters and Coleopters, have eminently the features 
uih of a high type ; and the last, the Aphanipters and typical 
•rthopters, are alike metapodosthenic or saltatorial species. So 
Iso under the Amplipens, the 2nd subdivision, or that of Ho- 
lopters, is closely related to the second of Pterometasthenics, 
r that of Hemipters (page 27). 

Hence, if the grander subdivisions of Apipens and of Ampli- 
ens are called tribes, those of the Pterometasthenics should also 
3 so designated. 

Under the subkingdom of Articulates, there are the classes of 
isecteans. Crustaceans and Worms; and under Insecteans, the 
"ders Insects, Spiders and Myriapods. 

If then the term tribe be used for the familiar groups, Hymen- 
3ters, Dipters, Ac, as just suo^gested, the question comes up aa 
1 the designations of the two intermediate grades of groups be- 
fcen orders and tribes. 

The distinctions on which they are based are so obviously or- 
nal that they may be well called orders of subordinate grades; 
id I propose for the first of the two the designation stAqrders^ 
id for the second ordinules, a diminutive of orders. The stages 
111 then be as follows. 
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Orders: Insects, Spiders, and Myriapods. 
Under Insects — 

Suborders: 1 Pteroprosthenics, 2 Pterometasthenfcs, S Tty- 
Banures. 

Ordinules (confined to the Pteroprosthenics) : 1 Apipensy^ 2 
Amplipens, 3 Attenuates or Neuropters. 

PterometattlMiiei. 

Ooleopters, 
Heraipten. 
Orthoptera. 



Apipena. 



1. Hymenopters* 
Tribes, ^ 2. Dipters. 

3. Aphanipters. 



Amplipena. i Attenoatoa. 



LepidoptersJApipenniforms. 
Homopters. Aroplipenniforms. 
Trichopters. jPerattenuates. 



The subdivisions of the three tribes under the Attenuates or 
Neuropters, (p. 22,) and those of the tribes of Orthoptera, (p. 24,) 
may be all designated subtribes ; there is in the two higher of 
eacn a like reference to the higher tribes of Insects. 

This subject will come up again for further discussion. But, 
for comparison, I allude here to one other department of animal 
life — that of Mammals. 

The orders of the class of Mammals, as explained in former 
papera, are (1) Man, (2) Megasthenes, (3) Microsthenes, (4) Ooto- 
coids ; and in the distinctions between the highest of these orders, 
there is an example of the retroferent method^ case a, as in the 
distinctions between the highest of the ordera of InsecteaBs. 
Hence there is reason for concluding that the orders of Mammals 
and those so-called of Insecteans are actually all orders^ or are 
groups of coordinate value. See further on this point, page 350, 
Art. I. 

Under these orders of Mammals, (a class few in species), there 
are no suborders or ordinules; the next grade of groups is 
that of tribes^ namely, as explained on page 341, of Art. I : — I. 
Under Megasthenes^ (1) Quadrumanes, (2) Carnivores, (3) Herbi- 
vores, (4) Mutilates; II. Under MicrosUcenes^ (1) Chiroptera, (2) 
Insectivores, (3) Rodents, (4) Edentates. There appears to be 
no occasion for doubting that these subdivisions are coordinates 
with the tribes of Insects. As groups they stand out before the 
eye and mind of the zoologist with similar prominence and dis- 
tinctiveness in their respective subkingdoms. 

Geological History, — The memoir of A. S. Packard, Jr., which 
has afforded so many convenient illustrations of our subject, 
aims especially to show that Neuropters are remarkable among 
Insects for their many relations to the other tribes, or for the 
number of " synthetic" types which they embrace. The classi- 
fication explained throws into their natural relations these affili- 
ating groups, and shows that the many interlinkings are depend- 
ent on the position of this tribe as the lowest or hypotypic group 
of Pteroprosthenics, and its correspondence in grade with the 
Orthopters or the hypotypic group of Pterometasthenics. 

But there is further reason for the many analogies, in that the 
Neuropters and Orthopters, while at t^ie o^kS^ ot \3cksvx x^-'g^^^^ 
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grand divisions, lead off apparently in geological time the Insects 
of the globe — the Neuropters the pteroprosthenic, and the Or- 
thopters the pterometasthenic, Insects. 

in view of this fact, we should naturally expect to find among 
the early representatives of these tribes foreshadowings of the 
higher tribes of Insects, that is, comprehensive (or synthetic) 
types embracing some of the characteristics of those higher 
tribes. Now two of the subdivisions of both Neuropters and 
Orthopters, in the classification proposed, consist mainly of such 
comprehensive types, and these were the forms which were ap- 
parently most cnaracteristic of the Carboniferous Insect-fauna : 
namely, Termitideans or the Hymenopteroids and Planipennians 
or the Lepidopteroids, among Neuropters ; and Cursors or the 
Coleopteroids and Ambulators, among Orthopters. With these 
there were also the typical Orthopters or Saltators, (Crickets 
being among Carboniferous species,) and possibly also Coleopters. 
Nothing is yet known of ancient Thysanures, although it is 
probable they were in existence at the same time. 

We should expect also from the association of the Neuropters 
and Orthopters in the same Carboniferous fauna that there 
would be examples of intermediate types between these tribes, 
that is, those which, while related fundamentally to one of the 
two tribes, presents some characteristics of the other ; for in 
this way the striking harmony in the flora or fauna of an age in 
geological history was often produced, — as, for example, in the 
land-vegetation of the Carboniferous era, which embraced com- 
mon Acrogens (Ferns) and Gymnosperms ; and besides these, 
the intermediate or comprehensive types of the Lepidodendra 
and Calamites of the former, and that of the Sigillariae of the 
latter. And thus it was in fact. The Insect from the Carbon- 
iferous rocks of Illinois, figured and described in the following 
article, is one example of a comprehensive type of this kind. 
While Neuropterous in wings, closely approaching the Semblids^ 
it has broad costate femurs, and even a large spinous joint to the 
anterior legs, peculiarities which seem to be almost inconsistent 
with the Neuropterous type, although in part characterizing the 
Mantispids, and which are in complete harmony with the Orthop- 
terous type.' 

We here see that the interlinkings between Orthopters and 
Neuropters began in the Paleozoic. It is probable that such 
comprehensive or intermediate forms were more numerous in 
the past than they now are. 

• The Orthopteroua features among Neuropters appear to be modifications of 
form under the types in this group xvhich have been already mentioned, especially 
the Lepidopteroid, and not indications of a distinct type of Orthopteroid Neurop- 
ters. The fossil species referred to, and also the modern Mantispids, are true Plani- 
jenniaM in their Things and in their other characteristics of special importaDce. 
They properly constitute an Orthopteroid group in this subtribe. 

Am, Jour. Sci.— Second SEHisa, Vol, XXX VII, No. 10^.— JAS.,\^fe^ 
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Art. hi.— 'On Fosnl Inaecta from the Carbomfenma formatum in 
Illinois; by. James D. Ban a. 

The remains of Insects, represented in the following figures, 
were discovered by Mr. John G. Bronson m the Carbonifer 
OU8 beds at Morris, Illiaois | 

They occur in the flattened 

iron-stone concretions of the ^ 

beds. Other concretions of ^ s^v 

the locality contain yariona J \ ^ 

coal plants, and also the re- / ^ 

nlains of two or three spe* ' 

cies of Ampkipod Craata- < 

ceans. The plants have been ^^^ ^ 

investigated by Mr. Lesque ^~ 

reux and descriptions of 
them, we understand, will ^ 
appear ia the Eeport on the \ 
Geology of the State by Mr V~ 
Wortben. Among them, ac 0* 
cording to Mr. Leaquereux, \ 
•the following are common 
speciea: Neuropteris hirsuta 
Brgt., M, Tarinervit Brgt, 
PeeopUHi Miltoni Brgt., P 
Mm'taBrgt, P. ceqttalis Brgt., 
Annularia longi folia Brgt 
The description of the Crua 
taceans we reserve for an 
other time. 

Figure 1 is twice the natu 
ral size lineally. In general 
form and the neuration of 
the wings the Insect is close 
ij like the Semblida among 
tne Neuroptera, and especi^ly, as 

the Chauliodes. In view of this resemblance, anS also the fact 
-that the outer wings are so thin as not to obscure at all the out- 
lines of the abdominal segments, and hardly the inferior wing^ 
there is no reason to doubt that the species waa pkroprostJienic, and 
that therefore it must have been a Neuropter, and not an Orthop- 
ter. Yet in the broad costate femura of the second pair of legs, 
and the form of the prothorax, it approaches the Orthoptersof 
the Phylliam family, and ia very unlike any known NeuropterB. 
The anterior legs are peculiar in having a large and broad femur 
Armed above with very slender spines &a long aa the joint, tlireo 
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of which, though mutilated, are seen in the specimen. But some- 
thing of this kind is observed under Neuropters in the Mantis- 
pidi. It is quite probable that these anterior legs were prehen- 
sile, as in Manilla: and the fact that the tibia and tarsus are not 
in sight in the specimen favora this conclusion. Only the left 
1^ in the specimen has the large joint tolerably perfect ; in the 
right, however, it is sufQuiently distinct to show that it had the 
same large size and was also spiculigerous. The coxal joints of 
this leg, are faintly indicated between this large joint and tho 
Ulterior part of the somewhat prolonged prothorax. 

The number of abdominal segments is ten, or one more Oian 
Sk typical number in Insects — as is true also of many Keuropters, 
the Lepismie, and some species of other tribes. The neuration 
of the wings and the form and relative sizes of the aegmenia of 
the abdomen are well shown in the figure, and particular de- 
Mription is therefore unnecessary. There appears to have been 
tpair of short obtuse appendages at the extremity of the abdo- 
men, much as in Phyllium. The head is mostly qbliternted. 

The length of the specimen, from the anterior margin of the 
large joint of the anterior legs to the posterior margin of the 
wingH, is 1 inch 10 lines ; and the breadth, from the medial lino 
of the abdomen to the left margin of the left wing, 6 lines. 

By request of the discoverer, I name the new genus here indi- 
cated, Jfiamio, after the Miami University, his "alma mater." 
In view of the important results of his explorations, the apeciei 
nay be designated the Miamia BroJiaoni. 

Fignre 2 represents, natural size, a matilated anterior wing of 
another Keuropter. The 

seoration approximates to "ST^7^:zzir~ 

that in the genus Heimro- i ' ' ji-,i_i_^_y^ / fl f/j^S "'^ -v 
6iu*. Thedottedlineshowa Jy '^^^^^^^^^Sc^n^^^ \ 
the probable length and '^^.,^^^^T^j|ffl''|^f^ J 

oatline of the wing — these ^'^ ^^^^'ThJii^^ ^ J 

oi^^ana in the Planipenni- ^•^^iii^ffiS'^ ._--^ 

US being 3 to 4 times as 

long as their breadth. The areolets are obliterated towards the 
Inse of the wing. 

There appears to be sufficient reason in the character of the 
nenration for the institution of a new genus, and I propose for 
itthe name HemtrKsivi (from V?" ^V^ one of the roots of Hem- 
erobius), designating the species Hemeriada occidenialU. 

The feebleness of the life-system in moat Neuropters is shown 
in the numerous nervures of the wings ; and this is very marked 
in this ancient species. The great multiplication of these 
nervures and their irregularity appears to be owing to a want of 
irective force in the system, or to a low grade of cephalization 
OTsyatemic control in the aaitnsl. 
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Abt. IV. — ITie Densttj/j Rotation and Relative Age of (he PbtneU; 
by Prof. GusTAVUS Hinrichs, Iowa State University. 

Modern astronomers consider the doctrine of the stability 
of Hit solar system^ as ''a fact established on the most satis- 
ntctory evidence," and its demonstration as ^' among the finest 
triumphs of physical astronomy." Yet with all due, regard to 
the grandeur ot* its analysis, the philosopher may question not 
its demonstration, but its hypotliesis. For if the hypothesis of a 
vacuum should prove to be not fully true, if the planets instead 
of moving ta vacuo suffer some, however slight a resistance ia 
moving through eHier^ then the analytical demonstration loses its 
physical import. 

The metaphysician, in contemplating the ardor wherewith tbii 
doctrine is advocated cannot but see in it a more refined form of 
the doctrine of ancient philosophy that the earth is about eqaid 
to the universe ; and the theologian might find the stability of 
the planetary system opposed to the prediction that nothing 
is eternal here iJelow. 

Yet this is not the place to decide the latter questions; we 
will simply investigate how far the assumption of a vacuum— or, 
if possible, a non-resisting medium — agrees with observation. 
It is true, the ephemeris based upon it proves to be correct; 
accordingly, botn Newton and Laplace have pronounced the re- 
sistance, if any, to be insensible. But in the doctrine of the sta- 
bility of the solar world hundreds of centuries, aye, millions of 
years are contemplated ; is then the conclusion drawn from a few 
centuries of observation legitimate for such duration of time? la 
it any more legitimate than to deduce the orbit of a comet from 
one hour's observation ? or the path of our earth from one sec- 
ond's observation ? To pronounce on the ground of accurate 
observations of limited extent, the solar system a stable, i. e., an. 
everlasting one, is hardly better philosophy than that of the 
little insect in the fable, who believed the day to be everlasting 
because the sun seemed exactly at the same height during au 
its life. 

There is but one method of judging of the stability of the solar 
system, and this consists in comparing the state of the system now 
with what it was millions of centuries ago ; for a thousand years 
in nature are but as yesterday when it is past, and as a watch in 
the night. 

It will be objected that it is impossible to efiect this. If so, 
we must abandon the theory of stability, for want of confir- 
mation by observation. But if we wish to test the doctrine at 

' Olmsted's A^stronomy by Snell, g 884. 
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fiMT as possible, then we must accept a different course of inves- 
tigation. We must do for astronomy what geology has done 
for geography — in the absence of records from the earlier stages 
of the earth's history it has been successfully attempted to 
supply them by observations on the configuration of the earth's 
parts, carefully compared with the yet continuing changes 
thereof. We must try to investigate tne different cthstial strata^ 
try to see whether they are in situ or displaced, and, if displaced, 
measure the force which produced the dislocation: then we will 
obtain as good determinations of Hie relative age of these celestial 
strata or planets and moons as geology affords for the relative 
age of terrestrial strata* As far as Induction is to be relied on 
in geology it may safely be relied on in astronomy, and we 
hope to show that the known observed configuration of the 
lolar system gives, by means of the calculus and a strict induc- 
tion, as good tk determination of the relative age and the resisting 
forces as geology can produce in regard to the earth's crust. It 
then geolo^, notwithstanding its yet leaving many questions' 
tindecided, is considered more than idle speculation, we hope to 
vindicate the same confidence for the results of this investigation 
into the nature and effects of the dislocating force of the solar 

2 stem : we will try to show that the resistance of the ether filling 
e heavenly spaces is this force. 

First, it may be well to remember that the undulatory theory 
is so well supported by experience as to place the existence of 
such It resisting medium almost beyond doubt. Secondly, that 
the comet of Encke seems to show observable signs of such a 
reastance. Finally that the absence of positive signs of resist- 
ance in the observed motions of the planets does not prove its 
non-existence ; for if the earth approaches the sun by ten feet 
every year, this resistance could not be said to be nothing — yet, 
ttBoming Kepler's third law as applying to the same planet in 
different distances, we easily find that the year would be short- 
ened only one second in a tiwusand years by this resistance ! If 
diis quantity is imperceptible, resistance is ; but the latter cannot 
on that account be considered as nothing ! 

Let us therefore investigate the laws of such a resistance and 
try, whether the configuration of the heavenly strata affords that 
confirmation of it which the ephemeris does not. 

I. Tlie effects of Resistance, 

Let r be the radius vector, 6 the anomaly, t the time, ^ the 
angle between the orbit and a perpendicular to the radius vector, 
and E the accelerating force due to the resisting medium ; then 

* See an example in Dana's Mannal of. Geolopyt p. 886, xi^here the relative a^ 
^ the Silurian, Devoniao, Carboniferous, is found to be as 8 : 1 : 1. 
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resolving the forces into a radial and transversal component ve 
obtain tne general equations* of motion : 



d'r (My /» , « . 1 

1 411. 



R cos rj. 



0) 



We might integrate (1) by the methods of approximative 
integration, as Laplace has done in a similar case ; or we might 
integrate for R=0 and use the variation of parameters. This 
latter method would be much more appropriate than the first; 
yet we think that a simple successive approximation is fully 
exact enough and at the same time so much more elegant and 
easy that we will prefer it, considering uniformity to be a true 
element of any investigation. We therefore directly aim at just 
that degree of approximation which observation enables us to 
test — and also thereby keep this paper within the range of almost 
every student of the calculus. 

The first approximation gives Kepler's laws as the integral of 
E=0, representing the motions in vacuo :^ i. e. respect* 



(1) for 
ively : 



l+eco8^' dt ' 



a3 



(2) 



Ta a(l-e2) 

I. The orbit is an ellipse ; 

II. The radius vector of any planet describes equal areas in 
equal times ; 

II L The mean radii vectores {mean distances) of the several 
planets describe in their m^an motion equal solids in equal times.* 

* These formula are easily obtained as stated; compare Price, If\fihit. Calevlui^ 

ToL iii, Art 297, formula (174), remembering that P =s grayitation =- -^^ QasO 

• -^dr rde , .,.,.-. 

im fi=t J-, cos 97= -7- , and as a simple identity 

^drde . dH \/2rdrde . ^d^e\ 1 d(r^ ^\ 

* The first and second are of familiar form ; the third may be found in Price's 
CaietUu9, vol. iil, Art. 331, trhere h is used for our e. 

* This new form of the third law shows it to be analogous to the secood ; the 
latter characterizing the individual in its actual motion, the former the genera in the 
mtan motion of the individuals. I found this form whilst searching for the harmony 
between these two laws, and used it as early as 1867 in public leotnrct on the prin* 
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For obtaining a second approximation, we remark that the first 
2) easily gives the maximum of v corresponding to sini7=e. 
3ence, for the planets, all having but a very small excentricity, 
ihe terms E sin i?<Ke nearly equal zero and Rcos^ nearly equal 
R are of different order ; the latter will be of influence when the 
Former is yet insensible. As a second approximation giving the 
the influence of resistance in general,^ we therefore may take 
Rsin »/=0 in (1) giving' 

5^ ^\dt} ~"""r2' 



J — --COS^. \ 

at 



(!') 



Finally, a third approximation would likewise take the yet 
neglected term Rsimy into account; but this is in the present 
state of science altogether worthless, as observations but imper- 
fectly suffice to test our second approximation. 

In order to integrate (1') the function R must be known. It 
is admitted that, q> being a function of the velocity v and v a cer- 
tain constant, 

R=»'<p(v). (8) 

According to Newton {Principia, Book 11, Sect. VII ; Francoeur 
Mkanique, 5 ^d, art. 223), we have for a sphere of radius 9, 
density A moving in a medium of density ^, 

8 ?A ^ ' 

The function q> is generally taken as v* ; but the very accurate 
experiments of Giulio' prove that for small velocities of the 

dple of the beautiful as a meaDs of iDvestigating the laws of nature instead of the 
tru8 or mathematics. 
To show the correctness of our expression we simply introduce the mean velocity 

V=2» -; for thereby the tnird (2) becomes 

i. e., the right cone of radius Y and altitude a is of constant volume. 

' It is easily understood that neglecting Rsin 97 is the same as assuming the ex- 
centricity to be constant. As e now is very small, and Laplace (Mkc. CSl, Liv. X, 
chap. VII, § 18) found it to decrease with the approach of the planets to the sun, since 
he obtained 



e = constant 



J, 



[density of ether 

oor second approximation will be more close for future than for past ages. 

^ In 1863; as most of my books are yet in Germany, I cannot cite the memoir of 
Gialio in particular ; my abstract at hand only gives the principal results of his in- 
vestigation. 
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pendulum the resistance is principally proportional to the Telo- 
city itself, for greater velocities, to its square, or more exactly 

(p{v)z=zav'{-bv^. (5) 

Now, as the resistance under consideration is excessively small, 
the form of <p will be very nearly 

<p{v)=zv, (6) 

Introducing these laws (6) and (4) into (3) the equations (I') 
for the second approximation become 



. i"fL 



dt =-• '•'CO"'- 



(1") 



The first of these is satisfied by the elliptical orbit of each single 

1 X- ^^ J • '"'dO ds rdd . 

revolution ; the second, smce v cos 17= -;- .-^= -t-, reduces to 

as dt dt^ 

^__/+,(.._)=0; (7) 

which, by the second (2) expressing the conservation of the 
areas, becomes the simple equation 

Jt+''c=0; (8) 

giving, if c=0 for t=0, and e the base of the natural logarithms, 

c=Ce \ (9) 

By the third law of Kepler, i. e. the third of (2) or a= con- 
stant times c^ we have 

a=Ae . (10) 

if A be the value of a for <=0. Thus the distance from the sun 
does not decrease uniformly, but with a velocity proportional to 
the decreasing value of a, for 

(fa . — -fi , . 

~=— 2>'Ae =— 2ya. (11) 

If t expresses the present age, distance a, and x the distance 
corresponding to an age diflfering from the former by ^ units of 
time, then (10) gives 

_2y(/+^) — 2y^. , , 

x=ike ^~ ^=ae (10') 

giving the distance as a function of its present value a and the 
interval of time from the present. As the unknown density 
^ enters into y, we may instead of (10,) use the following, 

loga;=loga~~, (12) 



9 
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e the unit of a is arbitrary and that of q and A may be as- 
d if the unit of -0- is determined in conformity therewith, 
ihen may take for our earth a=100, ^=10, a=:1 ; then the 
of ^ will be known as soon as the amount of resistance or 
lensity of the ether is given. Neither being exactly known, 
nust be satisfied with an estimate ; and thus (12) easily 
's" that if our earth approaches Hie sun annually by tenfeet^ the 
of age & is ten thousand millions of years. 
will be seen that, as soon as the annual approach of our 
1 is known, the unit of ^ will be determined. 
Y means of (10') or its equivalent (12) we are now enabled 
ilculate the effect of resistance on the motions of any planet 
ly age ^, both in future (+^) and the past (— •^). We now 
eed to a comparison of the results of this analysis with ob- 
ation, using the following data' 

lury, 38 3-9 1-23 '2 

18, 12 9-98 1-07 -1 

a, 100 10-00 1-00 -1 

, 162 5-14 -96 -2 

roid, 10*0 (assumed.) 

:er, 620 114-4 -24 -04 

rn, 964 94-8 -14 -08 

lus, 1918 45-8 t -18 -13 

une, 3004 42-5 -23 -1 

ig by (12) the following distances from the sun at the ages 
jated. 

Past Present. Future. 

4 2 2 4-6 

ury, 240 95 38 15 6 2 

IS, 181 100 72 45 29 18 

1, 252 169 100 63 40 25 

, 955 381 162 65 24 9 

er, 725 626 620 433 360 299 

•D, 1991 1378 954 660 454 316 

us, 6361 3490 1918 1078 693 > 326 

une, 5985 4237 3004 2127 1504 1066 

m asteroid for which ^Azz:-1, 

•4 -2 00 '5 1-0 

ince, 1770 770 280 28 3 

'or 0=96,000,000 X 628, or about 50,000,000,000 ten-feets, hence a— «= 

9,999,999 ten-feets; consequently by (12) 

, a , 60000000000 , . , . 

^=?Alog-=10log — -— g— < 00000000001, ^ being 1 year; 

^=1 for 10000000000 yenrs. 

hsmos. Harper's ed., iv, 119; the density of Venus as given by Babinet, 
Hut, 1857, p. 94. 

. JouB. 8ci.— Second Bsbies, Yol, XXXVI, No. 109.— J iS., l^lMu 
6 
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These numbers are represented in tbe annexed diagram, whioh 
thus shows the variations in the distance of the planets. 

As the configuration of the solar system hereby appears to be 
continually changing in time — even the order of sequence sof* 
fering alterations — it is idle to speculate concerning " the har- 
mony of .the heavens" without taking the element of resistance 
into account ; for it is obvious that the true primitive law, which 
alone can have been harmonious, will long ago have been pro- 
foundly modified by the continued action of resistance." 

In order to make a useful application of this table, permittiDg 
the test of actual observation to De applied to the results deduce^ 
we will try to estimate the relative age of the planets by means 
of these modifications in their position. 

The dislocation of strata of rocks is no fact; we simply Mr 
similar parts in irregular position, and conclude hy induction timt 
they once formed a continuous stratum ; but would it not be 
equally just to conclude that the heavenly strata^ i. e., the planetary 
orbSy are dislocated^ if we can show that, 1st, they approach to a 
definite law^ as the terrestrial strata in being parallel ; 

2ad, The assumption of the force of resistance fully explains (he 
deviations from that law, as the assumption of internal action ex- 
plains the dislocation of geological strata? 

We think the analogy is about as close as can be, and there* 
fore will venture the attempji. 

It is a well known fact that the so-called law of Tititis or Bode, 
is pretty correct for all planets from Venus to Uranus ; only 
Mercury and Venus deviate considerably from {he duplication of 
the successive mutual distances. This law — only in the case of 
Mercury deviating from the above named — may therefore well 
be compared to the original level of terrestrial strata, if the laws 
of resistance as developed in the preceding suflBlce to explain 
the actual deviations from it. 

It is even a priori highly probable that some simple law pre- 
vailed at the time of the development of the heavenly spaces, 
although it is now almost entirely lost; f^r in like manner 
the regular stratification of the earth's crust has been disturbed 
—so the regular distributioji of the leaves in the young plant is 
almost entirely lost in the arrangement of the branches of the 
tree — so even the human features lose their regularity by age. 
Yet in all cases matter seems to arrange itself according to simple 
laws; as we see it in the minute crystal, we must infer it for 
the heavenly spaces. 

^'^ Plato, in l^imceuSf simply estimated the distances — having no means of testing 
his estimates by obser/ation ; Kepler also speculated much on the law of planetary 
distances, and gave as his final opinion that ** the old planets are altered a little i% 
poeition" (Humboldt, Caemoe, iii, 440; Harper's edition, iv, 110.) This seems to 
be another iastance of Kepler's divioatioD of scientific results. 
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Taking now x according to this law as the original distance, 
we find the age ^ by (12), viz : 

DistBDce." 
Mercury, 60 

Venus, 80 

Barth, 120 

Mars, 200 

Asteroid, 360 

Mean age, 

Although there is considerable variation in each separate 

Soap, the Tnean gives a decidedly higher age to the exterior planets 
into the interior ones, about in the ratio of one to three. 
Bat if this law is correct, it demands that the relative age of the 
flanets increases with their relative distances from the sun (supposing 
no interchange of place yet to have occurred). Consequently 
our determination of the age of the single planets appears to be 
very uncertain, since Jupiter figures with the same age as Nep- 
tune ! But it is easy to show that this is simply a consequence 
of our taking p constant, whilst it not only is greatly varying, 
but even varying in different degrees for different planets. For, 
considering i as constant," and K)r a certain former period Q^nQ, 
( Q, being the present value of q), the constancy of the mass 
gives ?'A=^',A^ or A^=n»A, i. e. 

y=-— = n2=:v. n2, (13) 

or, the greater the body, the greater is thevalueofv, as is self-evident. 
If now all planets had exactly the same masses, their cooling or 
condensation would be entirely parallel, and v might be consid- 
ered as nearly constant ; but as there are great differences be* 
tween the masses of the planets we must remember, that, caeteris 
paribus, the larger mass cools slower, i. e. keeps longer the greater 
value of V corresponding to its longer remaining of larger size ; 
it will consequently fiUl with a greater velocity than calculated 
on the supposition of ^^ constant, or, what is the same, will have 
a smaller age than calculated. 

We must therefore apply a subtractive correction to our calcu- 
lated age increasing with the mass of the planet. By doing so 
in general we found the ec^uations of condition pretty well satis- 
fied by taking this correction proportional to the mass. For the 
superior planets we may have (the constant being assumed 01) 

" These distances seem to affbrd a good average ; the law is ris:oroas1y applied, 
for 80-60=20, 12 0-80=40=2-20, 200— 120=80=2-40, etc. The series is, 

m, m-|-n, m-f 2n, m+4n, m+8n, etc. 

" It is proY>able that 6 is not constant, either in time or in space ; the only 
means for trying it will be to see whether the Telocity of light remains constant in 
time, whereby we are carried through different parts of the heavenly space (ab- 
emtion). 
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Jupiter, 
Saturn, 
Uranus, 
Neptune, 

This is already a much more regular series ; the mean of the 
corrected ages for Jupiter and Saturn is '9, for Uranus and Nep- 
tune 1*8, or, whilst the uncorrected age of the former was greater 
than that of the latter, by this (very imperfect) correction for 
mass it is as one of Jupiter-Saturn to two of Uranus-Neptune. 
The conclusion seems therefore well-founded, that a more thor- 
ough investigation of the variation of v in time^ if possible at aUf 
would give the age of Vie different planets as regularly increasing 
wiOi their distance from the sun. 

This result is in itself already important; but it also gains 
much by its connection with the following considerations. 

Now, as the outer planets are older than the inner ones, we 
must find the different parts of our solar system in very difilM> 
ent conditions of age : and this again may be tested by direct 
observation. By attentively contemplating the annexed diagram, 
representing the effect of resistance or time on the configuration 
of our solar system, we shall find the following four laws: 

First Law, The nearest secondary approaches its primary wiOi 
advancing age. — Expressing these distances in radii of the central 
body, we have : 

Mercury, 80 rad. of the Sun. 

Moon, 60 " " " Earth. 

Jupiter, Ist Moon, 6 " " " Jupiter* 
Saturn, 1st Moon, 4 " " " Saturn. 

thus showing a decrease with age. Uranus, having its moons 
differently situated, is not comparable. Yet it must not be 
omitted, that this mode of comparison is not free. from objec- 
tions. The subsequent three laws are, however, neatly absolute. 
Second Law, The entire system of orbits becomes closer by adr 
vancing age, — The ratio of the mutual distances will be the most 
proper measure of the closeness. We have : 

Nept.-Ur. =1-115 Ur.-Saturn. 

Ur.-Sat. =2'24'7 Sat.-Jupiter. 

Sat.-Jup. =1*718 Jup.- Asteroid. 

Jiip.-Ast. =2' 195 A8t.-Mars. 

AsL-Mars =2-195 Mars-Earth. 

Mars-Earth =1*892 Earth-Venu?. 

Earth-Venus =*824 Veaus-Mercury. 

tence the mean ratio for the 

World of the 6un 1*74 ; similarly for 

" " Jupiter 1-8 

•** « Saturn 1-3 
^* « Uranus '9 
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vUch numbers regularly decrease with the increasing age^ con- 
irming the law. 

Third Law. The regularity and symmetry disappears more and 
more vnUi increasing age, — A single glance at the representation 
of the actual forms of the lunar systems of Jupiter, Saturn and 
Uranus shows that these latter are very irregular, whilst the 
lunar world of Jupiter, the youngest of this group, is as yet very 
regular. 

Yet the distances of its moons is not quite regular; for they 
{«pe, expressed in radii of the planet respectively 

6-049 a-623 15-360 26-908. 

jLs Jupiter is proved to be older than the interior planets, and 
as these exhibit signs of age in their mutual distances, the face 
of old Jove can neither be without wrinkles. Indeed, perceiv- 
ing that the same law of duplication is applicable to the above 
distances, and selecting as the primitive values 

1 Y+SrzilO 10+6=16 16+12=28, 

ve get by the known dimensions of these moons the following 
lelative ages : 

18 13 1 

which, as the third has as much mass as the other three taken 
together, by the reduction for masses, would become more regu- 
lar; yet we see that the mean age of the last two satellites is 
twice as great as the mean age of the first two. Therefore we 
mast likewise conclude that the age of Jupiter^s satellites in- 
creases with their distance from the primary. 

If the masses and dimensions of the members of the more dis- 
tant worlds were known, we should certainly find this law of the 
age increasing with the distance from the central body to be 
universal. 

Fourth Law, Similar systems must represent the same configu- 
ration at corresponding ages,^^ — Having found the more distant 
planets to be the older members of the solar system, and conse- 
quently that they are in a state of configuration which the solar 
system as a whole can first exhibit only at a future time, we are 
enabled to put the theory of resistance to another test by com- 
paring the present configuration of the lunar worlds of the 
superior planets to different future epochs of the solar world as 
given by the diagram expressing the results of formula (12). 

We have already seen that the Jovial World indeed appears 
very regular, and that the smaller regularity of the more distant 
worlds confirms our result as to their higher age. 

At what age will the configuration of the solar system corres- 
pond to the present configuration of the world of Saturn ? The 
diagram gives the fourth age as answer. For at that time we 
have the following similarity between the two systems : 

"ForIfia(12) f, a, ^ andjy are multiplied by a constant n, ^ become n^. 
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The Rings of Saturn are represented by the hosts of asteroids^ 
which already in the first age intersect the orbit of our earth, 
but in the fourth age will closely encroach the sun, and (perfaapi 
together with those meteorites which are not intercepted by any 
of the planets) may form continuous rings around tne fiery sun, 
either on account of their number, or because they probably will 
become melted; they will form not one ring, but rings, because 
they will approach the sun according to the amount of their 
factor Vj just as detritus is deposited in horizontal layers of 
variable fineness. 

The four inner moons of Saturn^ being very close to each other 
and to the primary, will be represented by the four interior 
planets^ for these also are at the fourth age very close together 
and very near the sun, being altogether within the present dis- 
tance of Mercury. The distances are, then, for the planets [see 
results of (12) ] : 

Mercury 6, Mars 24, Venus 29, Earth 40; 

for the Moons of Saturn, now, 

Mimas 8-86, Enceladus 4-31, Tethys 5-84, Dione 6-84 
or whilst the planetary distances will be as 

1:4:6:7, 
tbe corresponding lunar distances are now as 

3:4:6:7, 

or only differing in the first number. 

The four outer moons of Saturn^ now, correspond in configuration 
to the four exterior planets at age four ; for the first three of each 
are about equidistant, the fourth far above the rest. The dis- 
tances of the planets then are 

Jupiter 860, Saturn 454, Uranus 596, Neptune 1504, 

and of the moons are now 

Ehea 9 55, Titan 2214, Hyperion 28-00, Japetus 64'85, 

or the relative distances are, 

for the Planets as 7 : 9 : 12 : 80, 
for the Moods as 4 : 9 : 12 : 26, 

again a very close harmony. 

A complete correspondence would demand a complete similarity 
of masses at the commencement, which perhaps is not to be ex- 
pected. Comparing the better known superior bodies more in 
particular, we must from the smaller distance (4 instead of 7) of 
Rhea conclude, that its mass is not correspondingly as great as 
that of Jupiter ; and for Japetus that its mass is not as great as 
the corresponding one of Neptune, or perhaps Hyperion must 
be comparatively of small mass, so as to leave Japetus far be- 
Mad; thia latter circumstance appeaia to be actually the case. 
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For in tlie first place Titan was the first moon which was seen 
(Hujghens, 1665), so we may conclude its mass to be great 
enoagh to afford a safe comparison with Saturn in the scale of 
Planetary Masses. Ehea^ first discovered by Cassini (1672), 
therefore appears to be less considerable, confirming our conclu- 
sion based on its comparatively too great dislocation; and 
finally Hyperion required for its aiscovery the best telescopes of 
modern times (Bond and Lassell, 1848), thus proving itself to be 
but a small moon. 

Thus the configuration of the lunar world of Saturn corres-. 
ponds to the fourth age ; consequently, as Uranus haH been found 
to be older, its world must correspond to a yet more distant pe- 
riod of the planetary system as a whole. This is likewise evi- 
dent by a similar comparison. Our diagram shows how Saturn 
and Uranus soon after the sixth age will come inside the path of 
Jupiter, and leave Jupiter and Neptune far above all the other 
planets. Just so we see the present configuration of the lunar 
world of Uranus to be. But as this lunar system is but very 
imperfectly known, we must be content with this general remark. 

Thus it appears that all is confusion, no where is harmony in 
the planetary and lunar distances, if we disregard the effects of 
resistance ; out that the whole solar world, both in its planets 
and moons, its asteroids and rings, is one grand whole, first 
built according to the principles of law and harmony and beauty 
which we observe everywhere in nature, in crystals, young" 
plants and animals. So likewise in geology all is confusion if 
we consider the strata in situ, as they are observed to be now ; 
but this chaos gives way for harmony and symmetry if we admit 
the strata to be broken and dislocated by the action of the fiery 
interior of our globe. Therefore we have no better reasons to 
admit the dislocating force in geology, than for admitting the 
resistance of ether in astronomy. If we sometimes see the one 
force yet in actual violent operation, we must remember that its 
best criterion consists in its slow, almost imperceptible action for 
uplifting or depressing continents ; and although the effects of 
resistance are infinitely smaller, yet they appear tolerably dis- 
tinct in Encke's comet. 

We rely on inductive reasoning in the explanation of the facts 
observed in the one case — why, then, not as well in the similar 
case afforded by the more grand dislocation of the strata of the 
universe ? 

Of course, we would not refer this to practical astronomy, for 
the ephemeris is exact enough without taking this resistance 
into account; but in theoretical astronomy, when discussing the 
Uahiliiy of the solar system, I think it has been shown that this 
force ought not to be omitted. 

^ fhf n^lBr development of the jolk of eggs by Mgmeniaiion \ft «v^diSV| 
mttractive ia tbJb coDnection, 
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n. The Laws of Density and Eotaiion." 

It has been shown that the age of the several members of a 
system of heavenly bodies increases with the radius of the orbit 
This seems to be sufficient proof for the natural development of 
the entire planetary system. Hence the question may arise as 
to the mode of this development. 

The striking unity of the system, as displayed in the conform- 
ity of all the primary revolutions with the rotation of the san, 
both in direction and plane ; the smallness of the excentricities 
and the great mutual distances of the several orbits; the perfect 
analogy between the systems of different order^ — all these very 
elements of the comparative stability^* of our planetary world 
compel us to conclude with Kant" and Laplace'* that all the 
vnembers of the entire system once formed a single, large nebulous 
glohcy rotating around the present axis of the sun. 

The grandeur and simplicity of this view has procured for it \ 
advocates of the highest authority, as Arago." H. C. QErsted,* : 
Helmholtz," and others. Yet the minimum in density exhibited 
by Saturn, and above all the singular motion of the satellites of 
Uranus, appearing to be entirely at variance with the very fun- 
damental principle of the theory, seem to have brought these 
views into disrepute ; Brewster" even pronounces them to be 
'* the dull and dangerous heresy of the age." The theory of a 
Laplace seems to have been abandoned without trying to recott- 
cile it with Uranus — which planet was yet unknown at the time 
of the publication of the first edition of Kant's theory of the 
heavens — and even the beautiful experimental simile offered by 
PlateauV researches on the equilibrium of fluids did but revive 
this theory for a moment." 

It will easily be seen that our estimate of the planetary ages, 
as based upon the resistance of ether and seen in the configura- 
tion of the several systems, fully agrees with the hypothesis of 

" This part of the present paper was in part communicated at the meeting of 
Scandinavian Naturalists at Copenhagen, 1860; see Forhandlinger^ 1860, p. 455. 

^^ It needs scarcely to be remarked that we only opposed the absolute ttal>UUy 
as taught by Laplace. ^ 

'^ Theorie des Himmels, 1755. 

" Exposition du systeme du monde, 2d 6d., Paris 1799, Liv. v, Chap. vi. 

" Astronomie populaire, ii, 7, Paris and Leipzic, 1855. 

"* Naturloerens mechaniske Deel ; a text book of Natural Philosophy, used at 
the University and Polytechnic School of Copenhagen. 

" Philosophical Magazine, 1856, xi, 489. 

" Memoirs of the Life and Discoveries of Sir Tsaac Newton, LondoD, 1855, ii, 181. 

»» M6m. de VAcad. de Bruxelles, vol. xvi, 1843, § 19-27. 

Malgr^ la difference des lois que suivent les forces attractives dans ce cas et 
oelui des grnndes masses planetaires, nous avons vu se produire, en petit, une repre- 
sentation frappante de la pluspart des ph^nom^nes de configuration relatifs aax 
corps celestes, (§ 27). 

^ It affords me great pleasure to find an able advocate of this theory in Prof. 
Kirkwood; see this Journal, 1860, [2], xxx, 160-181. 
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Elant and Laplace, according to which the more distant members 
were first developed. Hence it seems to be worth the while at- 
tentively to trace oat the consequences of this hypothesis in an 
analytical form, as only thereby it will appear, whether the planet 
Uranus disagrees with the theory itself, or simply with the de- 
ductions of its advocates. 

The Density A of the planets must depend, according to this 
theory of evolution and condensation, both upon the distance r 
in the original globe and upon the condensation in time, i. e. the 
oge S-' as the density was decreasing from the center of the 
nebulous globe, and is increasing in time, we have obviously 

c?A dA 

where the differential coefficients represent positive, numerical 
values. 

Thus it appears that the conclusion of a regularly decreasing 
density demands d^=0 ; indeed, so far as we are aware, nobody 
has as yet pointed out the influence of age on the density of 
the planets. 

It is evident that, if the differential coefficients of a in regard 
to age and distance are either only increasing or decreasing, there 
mil be but one point where c?A=0 ; if not, there will be several. 
Thus, according to the nebular hypothesis the densities of the 
planets may form a series having one or more maxima or mini- 
ma corresponding to dA=0. 

The simplest forms of (14) fulfilling the conditions of the pro- 
blem is seen to be 

dA=z^d&^^r ' (16) 

xr r 

which with the simplest possible constants gives the integral, 

A=l+logj (16) 

where now a, the mean distance, enters instead of r the radius 
vector, and a=1, a=l, ^=1 for our earth. In order to see 
how far this formula represents the actual circumstances, let us 
calculate ^ from the known values of a and a ; (16) gives : 

Mean. 
•83 





a 


A 


^ 


Mercury, 


•38 


1-234 


•66 


Venus, 


•72 


? 


? 


Earth, 


1-00 


1-00 


100 


Mars, 


1-62 


•96 


1-39 


Jupiter, 


6-20 


•24 


•91 


Saturn, 


9*54 


'14 


•15 


Uranus, 


19-18 


•18 


2-89 


Neptune, 


3004 


•23 


613 



1^15 

1^28 

2-89 

513 
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If we only take the column of means — ^having again neglected 
to take the difference of mass into account, and not having 
searched for the true formula, but only having accepted the most 
simple form (15) satisfying (14) — we see the age of the planets 
again regularly increasing with the distance, very nearly accord- 
ing to the law 

'200 ^ ' 

Using these simple formulae, the density ^ ha9 only one mini- 
mum; for rfA=0 gives by (16) and (17) 

r=\/200=U-2 (18) 

i. e^ about equally distant from Uranus and Saturn, 

It must be remembered that we did not try to give a useful 
interpolation," neither do we pretend to have found the exani 
law ; yet we think that we have shown, that the nebular hypo- 
thesis, if duly considered, is in complete accordance with experi- 
ence. The contradiction between theory and observation so 
long insisted on appears to have been occasioned by neglecting 
the most important element of dynamics, time. This element 
makes the planetary density increase^* after a certain minimum 
has been attained. 

The Law of Boiation. — To find the velocity of rotation from 
the primary nebulous globe is ^ndoubtedly most diflBcult ; but 
if we wish merely to determine the direction of rotation, and not 
its amount, the following simple analysis will prove sufficient 

The principal part of motion in the planetary ring is parallel 
to the orbit of the future planet ; hence the airection will be 
defined by its equiftorial part. 

Let then dm be the mass of a particle in the plane of the orbit, 
a+ a and 6 its polar coordinates, a the radius of orbit, A the 
density and v the velocity in the orbit ; then 

will always be but a small fraction at the time of rupture, since 
the ring passes through a process of condensation previous to it 
— and as the distance to the next planet is never greater than 
a, S will never exceed one half. Within each nebulous ring we 
may assume the density to vary according to 

J=:A±- ozz:Adb<^f, / (20) 

^ Such a formula is given by Babinet, Vlnttitut^ 1857, p. 94. Yet for NeptuD» 
bis formula 

A=l-2764-0-2935.a4-0-01831 .a« 

gives a result deviating by 8 units from the true density. 

" The density of Neptune is sometimes stated to be but *H or equal to tha'fc 
of Saturn ; Ilumboldtj Ciumoi, iv, 178 (Harper's) gives *23 as the most receta^ 
determiiULiioau 
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80 that according to this law the density at the sun would bo 
A+^, or ^ is the decrease in density from the sun to the planet 
(in nebulous state). If we compare this law to that assumed in 
(15) we see that ^=?i or is constant. 

Always using the upper and lower sign respectively for the 
Buperior and inferior part of the ring, we find the vis viva dw 
of dm 

dw=ifia{\±,^Y{£i^5^)dl dO, (21) 

if we remember that our statement of Kepler's third law gives 
jBrrav* (see note on (3)). Eetaining only the first power of 5 ia 
the differential, bat the second in the integral, we obtain 

dwz::fia[A±(BA'^d)S]d^dd^ (21') 

r 3A— ^ 1 
or w=z2nfia] aS±: — — $2 U-const. (22) 

The vis viva w^ of the superior part of the ring (from 1=0 to 
1=5 J ) will produce direct motion; w^ of the inferior part (from 
{=5, to 5=0) will produce retrograde motion; hence the whole 
m viva producing direct rotation in the orbit is W=i^,— le?, or 
by (22) 

W=2^^a(s^ -^,) [a+?^Vi+5.)]. (23) 

As the mutual distance of planets increases from the sun we 
must supppose {i>52> whereby the first parenthesis of (23) 
alivays will be positive ; hence we have 

> > 

W=0, for A=c, 

< < 



if c= ii+i2_ J 



(24) 



Now, ^ is most probably constant, as stated above ; and fj, f, 
being ratios, will likewise be at least nearly constant; hence c 
represents about the same quantity for all planets. Consequently 
(24) reads in words : 

The rotary motion in orbit will be direct, zero, or retrograde if the 
primitive density A at the orbit was greater^ equal to^ or less than a 
certain quantity^ c, depending on the position of the orbit in the 
ring (I, and 5^) and the variation ^ of the density. 

If ^=0, then c=o^ and consequently all planets would have a 
direct rotation, as hitherto assumed. But ^ must according to 
all physical knowledge be some positive quantity, however small, 
as the density a in every glooe of some extension increases 
toward the center; i. e, if a is at all greater than c it will be so 
near the center, and if at all less than c it cannot but be further 
from the center. Hence we may also read (24) in the following 
manner : 
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The planets near the sun, A>c, have a dibecjt rotation, which 
disappears at a certain distance from the sun (A=:c) and is folUnued 
by a BETBOGBADE motion of all the more distant planets (having 

A<C). 

The great discovery of Herschel, far from being opposed to the 
nebular hypothesis of Kant and Laplace, on the contrary affords 
a most interesting and decisive confirmation of it,- and makes it 
even similar to a most remarkable proposition in the theory of 
gravitation. For in the latter the oroit will be an ellipse, a 

{)arabola or a hyperbola, according as the centrifugal force was 
ess, equal to, or greater than a definite quantity ;. so here we see 
the direction of rotation determined in the very same manner. 
The motion of the moons of Uranus is consequently for the 
nebular hypothesis exactly what the nearly parabolic orbits of | 
comets are for the hypothesis of gravitation. If the density A \ 
bad been excessively small, all the planets might have oeen ; 
retrograde in their rotation, although they would have had a i 
direct revolution. i 

The velocity of rotation depends upon W and the mass of a 
planet; we cannot here determine it. But we can show how the i 
position of the axis of rotation will vary. For if — as is highly 
probable — the ring was not quite symmetric with regard to the 
plane of the orbit, then there will be a difference of vis viva W, 
oetween these two sides, tending to produce rotation around an 
axis in the plane of the orbit. Hence the position of the axis of 
rotation of a planet will be determined by 

w 

tan t=-^, (26) 

f being the angle between the equator and orbit of the planet 
As the direction of the axis W, only determines the position of 
the nodes of the equator, we must here consider W, as positive; 
W has been found to change sign at a certain distance in becom- 
ing negative ; so that we see : all planets inferior to Uranus have 
i acute, superior to Uranus i must be obtuse. The determination 
of the exact position of the axis of Neptune" will therefore be 
of great importance as a test of this remarkable law. 

Origin of the tangential force, — As now the contradictions be- 
tween observations and the theory of Kant and Laplace prove to 
be but apparent, founded in the neglect of the theory by mathe- 
maticians ; we may inquire into the cause of the primitive rotary 
motion of the nebulous sphere. 

Attractive particles (m) alone cannot give rise to a couple of 
forces- neither can repulsive particles (i*) do it — but by the 

•^ Humboldt gives t=34* 7' for Neptune, but doea not state whether the motion 
18 direct or «ot. It mtiH he isetrograde or *=146** 58^— Co«mo«, iv, 181. (Haf- 
perY) 
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mutual action of both kinds of particles there will arise a couple 
N in any plane Xj y, equal to 

N=2!!^(*,-y«)[y(r)-9'(r)], (26) 

if a:, y and f, v are the coordinates of m and fi, r their mutual 
distance and /and <p their laws of mutual action. Now this sum 
I of the couples for all particles in the universe can only be 
sero either by 

an7-yl=o, i.e. |=|, (27) 

or y(r)-q)(r)=o, i.e. /[r)=:<p{r). (28) 

But (27) can only be satisfied if m and f^ are in the same radius 
vector from the origin of the coordinates ; hence (27) cannot be 
satisfied in general Hence if we have 

/W^^-W. (29) 

then N cannot be aero; if N^, N,, are the resulting couples for 
the other coordinate planes, there results a force of gyration in the 
matter filling space 

G=V(N2-|.N,2+N,2) > 0, (30) 

which is always positive. Hence, 

If the law of repulsive particleSj % differs from the law of attractive 
partides, f then a rotation will be product. 

The laws of magnetic and electric attraction and repulsion 
seem to be at variance with such an inequality, and even the 
principle that action and reaction are equal ; but we may well 
remarK that the slightest difference for any atomic distance 
vould be sufficient, and that the grouping of several repelling 
atoms M^ around one attracting atom m may well be consistent 
with a difference between action and reaction as taken in its 
usual signification. 

If this non-identity of the two forces of material nature is ad- 
mitted, we see a rotation of the nebulous matter to be a direct 
consequence of this inequality ; by attraction the matter acquires 
a globular form, the effected rotation produces a flattening of 
the globe, — and from this moment the axis of rotation will re- 
main stationary. By continued attraction the size diminishes, 
rotation increases in velocity, the flattening becomes greater, a 
ring is formed, producing a planet with its satellites, the whole 
system having motions and configurations, which conform to 
those observed in the actual world. 

The formation of cosmical bodies now appears similar to the 
multiplication of cells or even to the reproduction of certain 
animals by division ; only we must not forget, that the formation 
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of heavenly bodies is far more simple and less wonderful"' than 
the well-known, daily observed development of organized be- 
ings; if observation forces us to admit the reality of such won- 
ders, should not induction suffice for the simple material de- 
velopment of the heavenly globes? 

It is often stated as a most conclusive argument for the whole 
theory of gradual development, that we are permitted directly to 
observe the working of nature in the case of the ring of Saturn. 
We believe that this is a great mistake ; for Saturn being one of 
the oldest members of our system, it appears rather unreason* 
able to expect to see it yet in an embryo state: besides the rings 
are in their constitution totally diflferent from what this theory 
leads us to expect ; instead of being broad, they are very thin 
and narrow. The explanation given in the preceeding, that 
they are a host of Selenoids, corresponding to the present host 
of asteroids, is yet further substantiated by the circumstance, 
that Titan seems in mass to preponderate like Jupiter, and may 
well, like this latter body, have broken up the subsequent ring 
into small bodies which on account of their excessive smallnesa 
and the high age of Saturn, have already descended to the 
proximity of this body — as the asteroids will do in the course of I 
about one age. 

Finally, it may yet be remarked, that we believe we are able 
to account for the multiform phenomena of terrestrial magnetism 
by the friction of ether on the earth ;'• if this theory should be 
admitted as a true physical one, the magnetic needle would be 
directed by the force lost in resistance, or, to speak in conformity 
with the doctrine of the correlation of physical forces, the vis 
viva lost in resistance is converted into magnetism. The mag- 
netic needle thus would afford a direct proof of the existence of 
this resistance, as the pendulum of Foucault attests the rotation 
of the earth. 

We believe that our efforts have approached more or less to 
the establishment of the following conclusions : 

1st. The negative evidence of the non-existence of a resisting 
medium, as afforded by the motions of the planets during the 
few centuries of accurate observations, is of no weight whatever 
in regard to durations of time like those contemplated in the 
theory of the stability of the solar system ; hence it follows, too, 
that it is unreasonable to expect here that accuracy of numerical 
determinations which so highly distinguishes the predetermina- 
tion of astronomical phenomena for shorter periods, but that the 
immensity of time here under consideration admits of no higher 

" Of course ; for organized beings nre more or less cephalized, till in Man m 
reach a scale in creation where matter has become enrtirely subservient to mind! 

•• The onlj — ^yet very imperfect — expos6 of this theory hitherto publislied, is 
J9«r JSrdmafftutitmiu aU F<dge der Bewegung der Erde in Aether. Copenhageo, 
1860, 
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accuracy than the immensity of space in the estimation of the 
distances of fixed stars and nebulsa. 

2d. The present configuration of the planetary system is with- 
out that harmony and order everywhere else observed when 
matter is aggregating (e. g. in crystals, etc.); we must therefore 
suppose, that the original harmonious configuration has been 
altered by the action of some general cause, displacing the celes- 
tial strata (orbs) according to the individual mass, size and posi- 
tion of each body ; the same we know to have occurred in the 
case of the earth's figure, being at first ellipsoidal, but now to 
some extent irregular — or the terrestrial strata of rocks, which 
were at first continuous, but are now greatly dislocated. 

3d. This cause has been and is Hie resistance of Hie ether filling 
the heavenly space in which the celestial globes are moving; for 
the mathematical investigation of the eSects of such a resistance 
agrees perfectly with the phenomena observed, especially in the 
following particulars : 

4lh. The configuration of the solar system is exactly as such a 
resistance would modify it ; for, admitting a regular law for the 
primitive distances," we obtain a determination of the relative 
age of the planets which increases with the distance from the sun and 
is the more regular, the closer we follow tlie conditions of the 
problem (as in taking the mass into account) ; 

5th, Even the different satellites of Jupiter follow this same 
law; and 

6th, Whilst the lunar world of Jupiter appears to be of about 
the same irregularity as the planetary world, 

7th, The lunar world of Saturn shows decidedly older (i. e.less 
regular) features, thus confirming the previously obtained result 
as to its age ; it is even made evident that 

8th. This lunar world of Saturn in its present configuration 
remarkably resembles the configuration of the whole planetary 
world at tne end of xXitfourtli age (i. e. according to our estimate, 
after 40,000,000,000 years) ; again, 

9th, The lunar world of Uranus corresponds in its configura- 
tion to a yet higher age, thus again corroborating the determin- 
ation of its age. 

10th. The closeness of Hie orbits^ and even the distance of the 
first secondary from its primary are according to thfe same law 
of resistance. 

11th. This age, as determined by resistance and confirmed by 
the observed configuration, exactly corresponds to that ascribed 
to the several bodies in the theory of Kant and Laplace ; 

12th. The variation of the density of the planets is in complete 
harmony with this theory and the laws of resistance — Hie mini- 

" We tried about thirty different laws only agreeing in the successive enlargement 
of the mutual distances ; all gave substantially the same yariation of the age. 
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mum density observed in Saturn being a liighly important confir- 
mation of both theories ; 

18th. The h,w of rotation affords a most interesting and valu- 
able proof for the theory of Kant and Laplace, instead of being at 
variance therewith ; for the theory, if analytically exponnded, 
demands just the very transition in direction and just the same 
position of axis, as observed in the rotary motions of the planets, 
Uranus forming the transition. 

14th. If the laws of attraction are not fully identical with 
those of repulsion, the created matter would already virtually con^ 
tain the tangential force upon which the duration of the whole 
world principally depends. This is simply an instance of 
" throwing the first cause further back," smce the translatoiy 
movement no longer needs to be considered as a direct action of 
the Creator, but as a design^ embodied and effected through some 
previous direct act 

15th. It is probable that Hie force lost in resistance is converted 
into magnetism, 

I know that some, like Brewster, will object to these and simi- 
lar efforts ; yet we always feel the more deeply convinced of the 
glory and power and wisdom of the Creator and governor of the 
universe, the more we perceive how simple His means, how 
grand His design, and how multiform His effects ; unlike our- 
selves, the Creator needs no tools, no constant effort for pro-, 
ducing His ends ; His almighty "^a<" created the universe, and 
His right hand sustains it ever since. 

Do we not see a natural development even in man, the most 
highly endowed creature we know — ^how, then, can it be heresy 
to ascribe a natural development (i. e. conformable to the laws 
of nature, which are the unalterable edicts or thoughts of nature^s 
lawgiver, God) to the simple, dead heavenly globes, which only 
are the footstool whereon the higher organized creation has been 
placed? Eather we think if science ever approached heresy 
it did so in proclaiming the stability, i. e. the eternity, of the 
solar system to have been mathematically demonstrated ! 

No— death, indisputably, death pervaaes all nature ; not only 
man, and with him the organized beings, both animals and 
plants, die — even the whole planetary system, shows already the 
wrinkles of age on its once beautiful and harmonious face from 
which the sun yet shines forth as the eye of the world— even 
this organized system will die, its members will fall into the 
sun ; but since we have abundant reason to believe the whole 
solar world with all its wonders to be in the great All only a 
little drop in the deep — how great is the Father of this All, if the 
death of such a stupendous World is to Him what the last 
breath of a coral is to us I 
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Art, V. — Researches on the Platinum metals ; by WoLCOTT 

Gibbs, M.D. 

(Continued from vol. xxxiv, p. 842, Not., 1862.) 

The mass of mixed double chlorids, after the volatilization of 
the osmium and the separation of the iron and other impurities 
by washing with a concentrated and cold solution of chlorid of 
potassium or ammonium, is to be rubbed to fine powder, boiling 
water added, and the iridium reduced by a dilute solution of 
nitrite of soda, care being taken not to use more of this salt than 
is sufficient to convert the iridium salt, IrClgKOl, into IrgClj 
8KC1, and to keep the solution neutral with carbonate of soda. 
Almost the whole of- the chlorplatinate of potassium remains 
undissolved, while the iridium, rhodium, and ruthenium soluble 
salts remain in solution. The liquid is to be allowed to cool, 
filtered, the remaining mass washed with cold water until only 
the chlorplatinate of potassium remains, and the washings filtered 
and added to the main solution. If the washings have been 
carefully performed with small successive quantities of water, 
very littlie platinum is dissolved, and the olive-green solution 
contains chieflv Ir^Clg 3K01, EhaClgSKOl, Eu3 0l3 2KCl, and 
RuClaKCl witli insignificant quantities of PtOljKGl. 

A solution of chlorid of luteocobalt, 6NH3 . 00^01 3, is now 
to be cautiously added as long as a precipitate is produced : a 
copious pale buff precipitate is thrown down which settles easily, 
leaving a yellow or orange-yellow solution containing the luteo- 
cobalt salt in small excess. The precipitate is to be washed by de- 
cantation, then thrown upon a filter and thoroughly washed with 
boiling water and afterward with boiling dilute chlorhydric acid. 
The filtrate and washings are to be evaporated together on a water- 
bath to dryness. They contain the whole of the ruthenium and 
platinum present in the original solution. The mass upon the 
niter, which has a pale bufif color, consists of the two insoluble 
double salts, 

6NH3 .CoaClg-f IrgCla, and 6NH3 .Co^CIg+RhaCla, 

and is perfectly free from ruthenium and platinum. 

This process is based upon the fact that the iridium and rho- 
dium double salts above mentioned are almost absolutely insol- 
uble in boiling water and in boiling dilute chlorhydric acid, 
while the ruthenium and platinum salts, which have respectively 
the formulas 

6NH3 .C02CI3+3RUCI2, and 6NH3 .CogClg+SPtClg, 

are easily soluble. 

, Palladium also forms with chlorid of luteocobalt a double 
salt which is easily soluble in dilute chlorhydric acid, and which 
Au. JouB. 3oL—8EC02n} Sesibs, Vol, XXXVII, No. 109.— Ja:s., l^ftWu 
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1 
crystallizes from the solution, on cooling, in beautiful orange-yel- ' 

low granular crystals. 'The formula of this salt is 6NH3 .Co, 
Olg+SPdCl. Any traces of palladium which may have been 
present in the original mass of double chlorids will therefore be 
found with the ruthenium and platinum salts. When the mixed 
chlorids have been thoroughly washed, palladium is never pres- 1 
ent. The sesquichlorid of ruthenium gives no precipitate with 
solutions of chlorid of luteocobalt, and appears not to form a 
double salt with the chlorid of this radical, possibly in conse- 
quence of the ^riacid character of luteocobalt and the bibma 
character of the sesquichlorid of ruthenium, the potassium 
double salt being EU2CI3+2KCI. All the sesquichlorid of 
ruthenium present in the mass of mixed chlorids in combination 
with chlorid of potassium will therefore -be found in the filtrate 
from the insoluble iridium and rhodium double salts. 

The mass of double salts of iridium and rhodium with luteo- 
cobalt, after complete washing, is to be brought into a jSask and 
boiled with a strong solution of caustic potash until ammonia 
ceases to be given off. With a concentrated solution this may 
be effected in a short time. On addition of an excess of chlo^'* 
hydric acid the black powder readily dissolves, giving a solution 
which contains the double chlorids of iridium and potassium \ 
and rhodium and potassium, IrjClgSKCl, and EhaCljSKCl, ^ 
together with chlorid of cobalt. The solution is to be evapo- • 
rated to dryness and the chlorid of cobalt dissolved out by boiling 
with absolute alcohol. The iridium and rhodium are then* to be 
separated by nitrite of soda and sulphid of sodium or ammonium 
in the manner already pointed out. The sulphid of rhodium 
after washing and continued ignition gives pure metallic rho- 
dium. 

The filtrate from the iridium and rhodium salts contains a 
comparatively large quantity of ruthenium in the form of Eu, 
01 3 2K01 and EuClj KOI, together with a trace of the ruthe- 
nium and platinum double salts, 6NH3 .OO3OI3+3EUOI2 and 
6NH3 .0oa0l3+3Pt0l2. The solution is to be evaporated 
nearly to dryness, boiled with a strong solution of caustic potash, 
and then treated with an excess of chlorhydric acid, which gives 
the double chlorids EuOl, KOI, PtOl^ KOI and Eu^Cl, 2KC1, 
together with an excess of chlorid of potassium and a little 
chlorid of cobalt. This last may easily be removed by alcohol 
after evaporating the mixed chlorids to dryness. Platinum and 
ruthenium may then be separated by boiling with nitrite of 
potash, evaporating to dryness, boiling with dilute chlorhydric 
acid so as to convert the whole of the ruthenium into EuCl^ 
KOI, neutralizing with carbonate of potash, again boiling witn 
nitrite of potash, evaporating to dryness and dissolving out the 
double nitrite of ruthenium and potash by absolute alcohol. 
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The nitrite of ruthenium and potash may then be treated in the 
manner already described and the ruthenium brought into the 
form of the double salt of mercury and ruthendiamin, from 
which the pure metal is easily obtained. This method of sepa- 
rating the platinum metals gives excellent results, but is not free 
from objection. In the first place it will be remarked that it 
does not dispense with the employment of the alkaline nitrites, 
although to some extent it facilitates their use. But the chief 
objection is found in the necessity of employing very large quan- 
tities of chlorid of luteocobalt, a salt which is not to be had in 
commerce and which must therefore be specially prepared for 
the occasion. 

This diflficulty may be in a great measure avoided by employ- 
ing the chlorid of luteocobalt chiefly as an agent for tne separa- 
tion of rhodium from platinum and ruthenium, which may be 
accomplished in the following manner. The mass of mixed 
double chlorids, after the removal of the iron, &c., by washing, 
is to be rubbed to a fine powder in an unglazed porcelain mortar 
and then washed with cold water in small portions at a time until 
the washings give no sensible reaction for ruthenium, when 
tested in the manner already described with nitrite of potash 
and colorless sulphid of ammonium. The washings contain all 
the ruthenium as RuClj KCl and RU3CI3 2KC1, and all the rho- 
dium as RhaClgSKCl, together with a not inconsiderable portion 
of iridium as IrClgKCl, and a much smaller quantity of platinum 
as ttClg KCl. The iridium in this solution is to be reduced to 
sesquichlorid by the addition of a dilute solution of nitrite of 
soda with a little carbonate of soda to keep the solution as nearly 
neutral as possible. A solution of chlorid of luteocobalt is then to 
be added as long as a precipitate is produced, when the whole is 
to be filtered and the precipitate thoroughly washed, first with 
boiling water and afterward with water containing a little chlor- 
hydric acid. The precipitate on the filter consists chiefly of the 
rhodium salt 6NH3 . CojCla+EhjCla, with a smaller proportion 
of the corresponding iridium salt. The mixed rhodium and irid- 
ium salts are then to be boiled with a solution of caustic potash as 
long as ammonia is evolved, treated with excess of chlorhydric 
acid, evaporated to dryness, the chlorid of cobalt dissolved out 
by alcohol, and the iriaium and rhodium separated by nitrite of 
soda and sulphid of ammonium in the manner already pointed 
out. 

The filtrate from the insoluble rhodium and iridium salts con- 
tains the ruthenium as RuClg KCl and RU2CI32KCI, together 
usually with a small quantity of the double salt 6NH3 . CO3CI3 
+3EUCI3 and of PtClj KCl. The platinum and ruthenium are 
then to be separated with nitrite of potash and alcohol by the 
process already described. This method of employing the 
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ehlorid of luteocobalt is extremely convenient when it is desired 
to obtain pure ruthenium or rhodium at oncje from the osmium- 
iridium. 

The presence of a portion of the ruthenium in the form of 
RujClg 2KC1 in no wise modifies the application of the above 
process, because this salt gives no double decomposition with a 
solution of chlorid of luteocobalt. As the nitrite of soda em- 
ployed to reduce the IrClj to IrjClg may exercise a reducing 
action on the RugCla, it will be found advantageous after wash- 
ing out the RuClj, KCl and RugClg 2KC1, to convert the Bu, 
CI 3 2KC1 entirely into RuCla KCl. This may easily be accom- 
plished by adding a solution of caustic potash in excess and then 
passing a current of chlorine gas into the liquid until the odor 
of hyper-ruthenic acid is observed. By adding nitric acid in 
excess so as to dissolve the black precipitate at first produced, 
and then evaporating to dryness with an excess of chlorhydric 
acid, the whole of the ruthenium will be brought into the form 
of EuCl, KCl. 

When a solution of chlorid of luteocobalt is added to one con- 
taining bichlorid of iridium, an insoluble buff-colored precipitate 
is thrown down, consisting of a salt which has the formula 
eNHg.COgClg+SIrCla. When this salt is digested or boiled 
with an alkaline nitrite, the bichlorid of iridium is reduced to 
sesquichlorid, and the salt 6NH3.C02CI3 H-IrjClg is formed, 
well characterized by its extreme insolubility. In the preseijce 
of a large excess of platinum in the form of PtCl^KCl, it is very 
dif&cult to reduce iridium completely from bichlorid to sesqui- 
chlorid, and even in the presence of an alkaline nitrite the chlor- 
platinate of potassium, after repeated crystallization, obstinately 
retains a reddish or deep orange tint arising from traces of the 
corresponding iridium 'salt. The presence of the smallest trace 
of iridium may be easily detected in the platinum salt by dis- 
solving the whole in boiling water and adding a solution of 
chlorplatinate of luteocobalt, 6NH3 . COgClg+SPtClg, which 

?recipitates only its equivalent of the corresponding iridium salt, 
'he precipitate is to be filtered off and digested with a hot solu- 
tion of nitrite of soda or potash, a small excess of a solution of 
chlorid of luteocobalt added, and the double chlorid 6NH3.C0, 
Cl3+Ir2Cl3 thoroughly washed. This process affords a perfectly 
satisfactory method of separating iridium quantitatively fii'om 
platinum, and for analytical purposes is more convenient than 
the separation by an alkaline nitrite and sulphid already de- 
scribed. The quantitative separation of iridium from ruthenium 
and palladium is also readily effected by the chlorid of luteoco- 
balt, as well as the separation of rhodium from platinum, ruthe- 
nium and palladium. I shall return to this subject in treating 
of the metals of this group separately and will then point out 
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another method of using the chlorid of luteocobalt, which is also 
deserving of attention. 

The separation of the metals contained in the mass of sulphids 
precipitated in the separation of iridium from rhodium, ruthe- 
nium and platinum, by the method already pointed out, may be 
very conveniently effected in the following manner. The mixed 
flulphids are to be dried, separated from the filter and intimately 
mixed in a mortar with an equal weight of a mixture of equal 
parts of carbonate and nitrate of baryta. The filter is to be 
oumed and the ash mixed with the sulphids and baryta salts. 
The mixture is then to be ignited in a porcelain or earthen cruci- 
ble for an hour at a full red heat, and the mass, which does not 
ftise, treated with strong chlorhydric acid, which dissolves the 
oxyds of rhodium, ruthenium and platinum completely, leaving 
only sulphate of baryta. The baryta is then to be precipitated by 
sulphuric acid, an excess of which must be carefully avoided, and 
then a solution of chloi:id of luteocobalt added as long as a pre- 
cipitate is formed. The double chlorid of rhodium and luteocobalt 
may then be filtered off and thoroughly washed with boiling water 
acidulated with chlorhydric acid. By igniting this salt and dis- 
solving the chlorid of cobalt out from the mass, pure metallic 
rhodium remains. The platinum and ruthenium in the filtrate 
may then be separated by means of nitrite of potash and alcohol 
in the manner already described. 

This method of treating the sulphids requires only a small 
quantity of chlorid of luteocobalt, is extremely easy of applica- 
tion and is much shorter than the first method which I have 
described. Taken in connection with the process for separating 
iridium by means of nitrite of soda and sulphid of sodium, it 
furnishes an easy and complete solution of the problem of the 
qualitative or quantitative separation of the metals of this group, 
osmium only being determined by the loss. 

Cambridge, Nov. 10th, 186S. 

(To be continued.) 



Art. YI. — Tubuhria Not Parthenogenous; by Prof. Henry 
James Clark, of Harvard University, Cambridge, Mass. 

It is with no small degree of pleasure that I announce the 
discovery of the eggs of the Tubularians. During the middle of 
October I had in my aquarium the three most common species, 
of this group, on our shores, viz : Tubularia indivisa Lin. (T. 
Couthouyi Ag.) Thamnocnidia coronata Ag. (Tubularia coronata 
Abild., Thamnocnidia spectabilis Ag.) Parypha calamaris? (P. 
crocea Ag., Tubularia calamaris Van Ben.?). In each of these 
I have traced the development of the egg^ fiK>m its inception to 
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the time of its escape, as a hydroid form from the medusoid 
genital. I do not wonder that the egg has eluded the observa- 
tion of naturalists thus far, for so faint are its outlines that it 
might be put down as one of the tests of a first class objective. 
Although I had obtained glimpses of it with a ToUes' -J- inch 
objective, yet it was not until 1 applied a \ inch objective, of 
the same optician, that I gained a clear and unmistakable view 
of this long sought body. Thus we are relieved of what once 
seemed to be the anomaly of a male, on the one hand, producing 
a perfect fecundating material, and, on the other hand, a female 
producing young without a corresponding fertilizable egg. 

In order to make the mode of development of the egg fully 
comprehensible, I must prelude the description by an account of 
some other discoveries which I have made in regard to the mus- 
cular system of Hydroids. It has long been a matter of specu- 
lation among physiologists and zoologists as to what is the basis 
of contraction in these animals ; and some indeed have given 
themselves up to the idea of a contraction of the individual cells 
of the walls, imagining themselves to be warranted in this belief 
by the supposed example of the so-called unicellular Infusoria. 
Not discovering the true muscular layer, they have mistaken the 
eflfect for the cause; seeing the cells of tha walls of a Hydroid 
diminishing during the contraction, and enlarging during the 
expansion of the animal, they have supposed that the individual 
cells were the instruments which efiected their own changes; 
whereas they were only the subjects of a power which reigned 
among them. As long ago as 1843, Quatrefages (Ann. Sc. Nat., 
vol. 20,) got a glimpse of the muscular system of one of the 
Hydroids, Hydractinia (Synhydra Quatrf ) ; but his story is so 
mingled with what is, without much doubt, incorrect, that it 
would be impossible to generialize from his observations. 

I made my first satisfactory determination of the position of 
the muscular system of Hydroids in Coryne, ("C. mirabilis" 
Ag.) more than a year and a half ago. The discovery is 
noted thus in my journal, '* March 14, 1862. Between the 
outer and inner walls (of the hydraform Cpryne) of the body 
and tentacles, there is a layer of longitudinal fibrillated muscu- 
lar hands, — The cells of the core of the tentacles are arranged 
about an imaginary axis in three ranks, that is, the breadth 
of three cells occupies the whole circumference of the ten- 
tacles; and the so-called axial column is composed of the in- 
terstitial granules at the inner ends of the cells." — ^In the follow- 
ing month my journal runs thus. " April 13, 1862. Walked 
to Boston and collected Tiaropsis (" T. diademata" Ag.), Bou- 
gainvillia ("B. superciliaris" Ag.), and Sarsia, (Coryne mira- 
bilis" Ag.). The nauscular system, of Tiaropsis, Bougainvillia, 
and Sareia, is a layer of circular and a layer of longitudinal 
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fibrtlloB^ lying between and behind the innermost and middle 
walls of the disc." Thus I had verified the existence of a mus- 
cular system in both the Hydroid and its medusogenitalia. I 
would also mention in passing that in the hydraform Scyphos- 
toma of Aurelia aurita (" A. flavidula" Ag.), which I had raised 
firom eggs and kept in my aquarium for eighteen months, I de- 
tected, last January, a similar, longitudinally fibrillated layer of 
muscles, between the outer and inner walls of the stem, disc, 
and tentacles. In the proboscis, disc and base of the tentacles, 
and in the four equidistant columns, or pilasters, which project 
into the digestive cavity, this muscular layer is separated from 
the inner wall by a gelatiniform layer of varying thickness. In 
the four pilasters the gelatiniform layer is a solid core which thins 
out suddenly, at the top of the stem, to a slender cord, and in this 
form it continues to the bottom of the stem of the Scyphostoma. 
I have already published a detailed account of the muscular 
system of the adult medusoid form of this species in Agiassiz's 
Contributions to. the Natural History of the United States, vol. 
iv, p. 61. I would also refer to the May number of this Journal, 
page 347, note 5, for a minute account of the gelatiniform layer 
of this medusa. In regard to the development of the muscular 
system of Aurelia, I would so far modify my opinion as to say 
that the fibriUse are developed from a substratum of interstitially 
originating formative cells, which are metamorphosed, after the 
well known method, into contractile threads, i hope I may be 
pardoned for this divergence from the base upon which I began, 
because I hope thereby to disclose the more general prevalence 
of this myological feature in t&e morphology of Acalephae. 
During my studies upon the development of the eggs of the 

' The presence of a muscalar system in Hjdro-Medusffi was long ago detected by- 
Wagner, Bars and others ; but they gave no details of its structure or position. 
Later, Huxley described the system in SiphonophorsB, as being in the outer vodll. 
We owe to Allman the credit of having first pointed out, in the hydraform, the 
nature and true position of the muscular system. He says, (Anat. and Physiol, of 
Cordylophora, Phil Trans. 1858, p. 872), "It consists of numerous longitudinal 
fibres, which are in close contact with the inner surface of the ectoderm/' " Similar 
fibres may be witnessed in Coryne, Syncoryne, and other marine Tubulariadte," <fec. 
The most elaborate attempt upon this subject is that of Agassiz. His description 
of the muscular system of Hippocrene, Sarsia and Tiaropsis, in his monograph, on 
the AcalephsB of North America, Mem. Am. Acad., 1 849, and repeated, in part, in 
his ** Contributions to the Natural History of the United States," iv, 218, is a 
representation of an effect for a cause ; as he has uniformly described the vmnhle% 
of the walls, produced by contraction, as muscular Jibrea ; and everywhere the cells 
of either the innermost or middle wall are described as " contractile celli* of the 
mnscoiar layer. The truth is, the muscular layer is composed of fibrillai, which, I 
have every reason to believe, are developed by a direct arrangement from the 
insterstitial blastema, simply through the intervention of the formative-cell process, 
and not by a disintegrative metamorphosis of fully organized cells. In the section 
on Corjne in Agassiz's " Contributions," there is such a startling incongruity be- 
tween the description of the structure of the last stages of the young medusoid, 
and what follows upon the anatomy of the adult form, that one is forced to believe 
that the two parts of the investigation were made by different observers. CertainL^ 
no diversity of age could produce thia. 
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Tubularians I have found it impossible to understand tbe mode 
of origin of the ovigerous layer without taking into account the 
development and varying position of the muscular layer. In 
the hydroids of these three Tubularians, there intervenes an 
excessively thin, longitudinally fibrillated muscular layer be- 
tween the outer and inner walls of the stem, disc, tentacles, and 
branching stems of the genitalia ; and whenever the latter pul- 
lulate to form a genital sac, a medusoid, all the cellular and mus- 
cular elements enter into the operation, and thus there arises at 
first a highly contractile, triple walled hernia, the outer wall of 
which consists of a single stratum of broad cells, each containing 
a large nucleus ; the middle wall, or stratum, forms the muscular 
layer; and the innermost wall is made up of a single layer of 
very large prismatic cells. This is the first stage of meausoid 
development Hardly, however, has the bud declared itself 
before the ovigerous layer begins to develop. This is done in a 
very simple manner ; at the end of the bua, the inner wall, and 
with it the muscular layer, recede from the outer wall, and 1 
leave between them a space which is occupied by a distinct, pe- i 
culiarly colored substance, which is no less than the incipient^ 
ovigerous layer. Cotemporary with the origin of this layer the 
eggs appear; and in fact they may be said to form nine-tenths of 
the bulfc of this stratum, the remainder constituting the intercel- 
lular blastema, such as I think is the original basis of all cell devel- 
opment. The eggs, although they eventually become very nu- 
merous, are at first only very few in number, perhaps five or 
fiix, and compare in size with the cells of the outer wall of the 
bud. The very distinct Purkinjean vesicle occupies about one- 
third of the diameter of the ovum. As the space between the 
walls of the bud increases, it gradually assumes a spheroidal 
form, and as it is constantly filled by tne ovigerous layer, the 
latter also becomes globular. Surrounding this space we have 
on one side the outer wall at the end of the bud, and on the 
other side, the inner wall, lined by the muscular layer, assuming 
a cup-shaped form. Gradually and during the process of growth 
the edge of the cup becomes narrowed, and by degrees closes 
over the intervening space occupied by the ovigerous layer, 
and shuts the latter off from the outer wall. By this process 
that part of the muscular layer which lines the cup and directly 
embraces the ovigerous layer is cut off from that part of its 
continuation which lies beneath the outer wall. In this condi- 
tion the end of the medusoid is constructed thus : proceeding 
from without inwardly, we have an outer wall, an outer muscular 
layer, an inner cellular layer formed by the closing over of 
the edge of the cup, an inner muscular layer surrounding a fifth 
stratum which is the ovigerous layer. 

Only one step more is now required to perfect the morpholo- 
gical plan of aevelopment of this OTgaxi^ wi^ ^iW\» \a bto^i^ht . 
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.bout by a simple hollowing out of the ovigerous stratum, so that, 
Dstead of remaining a solid mass, it becomes as it were a lining 
o the muscular layer, which embraces it. Thus in an end view 
)f the bud we would have a hollow sphere made up of five con- 
jentric layers, succeeding each other as enumerated above. This 
s essentially the typical form of the meduso-genitalium of the 
Fubidarians ; for whatever changes occur in the later days of 
growth, no new morphological features are instituted. 

The development of the radiating and circular tubes in Tubu- 
laria is merely a hollowing out of channels in the middle wall of 
the bud ; and the formation of a proboscis in all three of the spe- 
cies of Tubularians is simply through a development of a pro- 
tuberance, from the bottom of the, cup, in such a manner that a 
part of the ovigerous layer, or innermost wall of the meduso* 
genital, becomes the outer wall of the proboscis ; the subjacent 
muscular layer, which originally embraced it, becomes apparently 
inverted in its relations, and in its turn lies beneath this wall; 
and lastly, what was formerly the outer wall at the bottom of the 
cup becomes the inner wall of the proboscis. 
• The only difterence, if it can be called a difference, between 
this meduso-genital and the more highly developed free forms 
of such as Hybocodon, Corymorpha, Bougainvillia, Lizzia and 
Coryne, is that the latter do not develop eggs in their ovigerous 
layer, or as it has been called in them, the outer wall of the pro- 
boscis and the innermost wall of the bell, until a much later pe- 
riod.' The mode of development of all the walls is alike in the 

' On the vmlh of the most highly developed medusoid — The immense gelatioi- 
form mass which constitutes such a large proportion of the bell of these free forms 
—or even of some of those which remain fixed at the latter end of the breedmg sea- 
MD, as in ** Coryne mirabilis," — is merely an extraordinary increase of the inter- 
stitial blastema of the two adjoining, outer and middle walls, between which it 
develops as these recede from each other. In the younger stages of the medusoid, 
the gelatiniform substance exhibits an irregular fibroid structure, with a few multi- 
caudate cells, and granules here and there ; but in the adult period it is exceedingly 
difficult to detect any fibrillization. This is always the last layer formed in the 
proeess of development, and with it we have the highest kind of medusogenitalia. 
10 this condition the bell of a medusoid, fur instance <' Coryne (Sarsia) niirabilis,'' 
is constituted thus: 1st, there is the outer wall, ectophragma ; 2d, the ^elatihiform 
layer, chondrophys ; 8d, the outer muscular stratum, ectomyoplax, which presses 
closely upon the middle, 4th, wall, menophrcujina ; 6th, the inner muscular layer, 
mdomyopkus; and 6th the innermost wall, endophragma. In the proboscis, — mantt- 
hrivm^ Allman, — we have, 1st, tl)e outer wall, ectophragma manubriale; 2d, the 
muscular layer, myoplax manubriatis ; and 3d the inner wall endophragma manu' 
hriale. In the velum all the layers, except the chondropliys, exist, and follow each 
oilier as in the bell proper. In the tentacles there are but three strata, viz. Ist, the 
ectophragma, 2d, the myoplax, which is continuous with the ectomyoplax of the bell, 
and 8d, the endophragma, in continuity with the mesophra^ma of ihe bell. 
Now in the fully-formed meduso-genital of the above mentioned Tubularians, T. indi- 
visa, Ac., only the chondrophys is wanting. The terms ectoderm and endoderm 1 
gladly adopt for, yet would restrict to, the outer and inner walls of the ccenosarc of 
the hydraform ; but as it would seem to be a misapplication of terms to call the 
"middle wall," of the meduso-genital or gcmophore, a doin, I apply to it the name 
fRoophroffma, i. e. med'mn wali or partition, and to the outer and innet ^i\\.% oi \)l[v<^ 
Mjne, to carrjroat the idea, tba terms ectophragma and endophragma. 
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former and the latter ; ih^e w but one type of development in the 
medusoids of all the iSydroids, This is what my observations 
within the past two years have led me to believe. The further 
development of the young of the Tubularians proceeds in an 
unequal degree for the different individuals, some of them grow 
much more rapidly than others, and finally, becoming separated 
from their matrix, move freely in the cavity of the genital organ, 
until their tentacles are developed so as to present the same one' 
sided cylindrico'clavi/orm outlines as the parent^ aaid then they 
escape into the open sea. Thus they succeed each other until 
the ovigerous layer is totally bereft of all its progeny, and noth- 
ing but a faintly granular blastema is left to represent the outer 
wall of the proboscis, and its continuation the innermost wall of 
the bell. I would add finally, that in the males of these Tubu- 
larians, not even excepting Parypha, the meduso-genitals are 
identical in form, structure, and developmeut with those of the 
females. 



Aet. Vll. — Contributions from the Sheffield Laboratory of YoL 
College — No. VI. — On Tephroite^ by Geo. J. Bbush. 

• 

Tephroite was first recognized as a distinct mineral species, 
by Thorpson, who described it under the name " silicate of man- 
ganese"^ The specimehs examined by Thompson were from 
Franklin, New Jersey, and were sent to him by Dr. Torrey, who, 
in a note to Thomson's article, reports the mineral as " not scarce 
at Franklin," and, as " generally associated with red zinc ore and 
massive franklinite.*' Subsequently, a mineral from Sparta, of 
like chemical composition and physical characters, was described 
by Breithaupt, and named tephroite.^ 

Of late years this species appears to have been confounded 
with the troostite varieties of willemite, and to have been almost 
entirely overlooked by collectors. It so much resembles the 
massive willemite, that I question whether it has been recognized 
by many mineralogists. In order to clear up doubts in my own 
mind, in regard to it, I obtained, through the kindness of Profes- 
sor Breithaupt, a fragment of the original specimen in the collec- 
tion of the Eoyal Mining Academy in Freiberg, and with this 
I have been enabled to identify the species at Stirling,' where it 
occurs in considerable abundance. It has a distinct cleavage ia 
two directions, giving nearly, or quite, a right angle at the inter; 
section ; this permits its being readily distinguished from tbe 
varieties of willemite, which it so much resembles in color and 

* Annals Lye Nat. Hist., New York, vol. iii, (1828) p. 26. 
' Breittmupt, Charakteristlk des Mineral System's, 3d ed., pp. 211, 829. 
^ Stirling Hill is in the town o! Sparta. 
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lustre. The specimen received from Professor Breithaupt had 
;he following physical and chemical characters — Color, dark-ash 
o smoky-gray. Lustre, vitreous to greasy. Hardness, 6. Spe- 
jific gravity, 4*10 (Breit.). It was associated with franklinite 
md zincite ; small specks of the latter species were so intimately 
nixed with the tephroite that great care was required to obtain 
he mineral pure for analysis. The zincite seemed to be dis- 
tributed as a thin scale, in the direction of most perfect cleavage, 
n some places forming an almost continuous layer. Cleavage, 
Jistinct in two directions, giving nearly a right angle. Des 
Dloizeaux has shown, from the examination of crystals in his 
possession, which have been identified with tephroite by the 
analyses of Deville and Damour, that the form of this mineral is 
trimetric and isomorphous with chrysolite.* Before these results 
were known in this country, I sent a small fragment of the 
original mineral, received from Breithaupt, to Professor Des 
Cloizeaux with the request that he would examine its optical 
characters. In answer to my request, he has kindly communi- 
cated to me the following observations. — **The fragment of 
tephroite which you sent is flattened on two faces, which appear 
to be natural.* These show fine striae parallel to each other and 
to a cleavage plane, which seems to me to be perpendicular to 
the faces, for approximative measurements gave 89° to 89° 30' 
on one side, and 91° to 91° 30' on the other ; the cleavage is 
brilliant, but the larger faces are dull and reflect poorly.* After 
several trials, I succeeded in obtaining two very small plates, 
which, observed under oil with a polarizing microscope, showed 
a beautiful system of rings, perfectly symmetrical around a 
negative bisectrix, and set in a plane parallel to that of easy 
cleavage. The angle between the optical axes is considerable, 
and under oil I obtained : 

2H=84o 19/ Red rays, hence 2 E=169<> 1' 

82® 69' Blue rays, hence 2 E=166' 68' in air. 

The indices of refraction of the oil employed were 1*465 for the 
red rays, and 1*479 for the blue rays. As my small plates were 
not cut absolutely normal to the bisectrix, these measurements 
are sufficiently near those published in my paper to enable us 
to indentify the species, especially as the position of the plane 
of the axes, and the character of the dispersion is the same in 
both cases."^ 

These important observations, in connection with the memoir 
by Professor Des Cloizeaux, before alluded to, demonstrate con- 
clusively that the optical and crystallographic characters of the 

* Annales des Mines, 6th Series, vol. ii, p. 839. 
' These faces were cleavage planes. — (g. j. b.) 

' This want of brilliancy oti the broad cleavage plane was unquestionably due to 
the film of zincite before alluded to. — (o. j. b.) 
^ From a letter from Yrofesaor Des Clolzeauz, dated Pans, Feb. l^lb, l^^^s 
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original tephroite are similar to those of chrysolite, and that 
this isomorphism is further sustained by the chemical composi- 
tion of the minerals, both being represented by the general for- 
mula fi^Si. 

Before the blowpipe, tephroite fuses easily to a black mass; 
fusibility =3*5 on v. Kobell's scale. With the fluxes, gives re- 
actions for silica, manganese, and iron. On charcoal, most speci- 
mens give traces of zinc, due to the mechanical mixture with 
zincite. Heated in the closed tube, it gave traces of moisture, j 
Chlorhydric acid dissolves the mineral without an evolution of 
chlorine, and on heating the solution a perfect jelly is formed 
In the quantitative examination, great care was taken to make 
accurate separations of the different bases. The silica was de- 
termined in the usual manner — the iron was separated as basic . 
acetate — the manganese was oxydized and precipitated by 
bromine, this oxyd was redissolved^ precipitated as carbonate, 
and weighed as proto-sesquioxyd — the zinc was precipitated 
as sulphid, and this redissolved and again precipitated as car- 
bonate — the lime was separated as oxalate, care being taken to 
redissolve the precipitate to free it entirely from magnesia. 
Composition : ' 





Oxygen. 


80-19 


16-10 


65-59 


U-781 


1-09 


0-24 


138 


0-56 


104 


0-30 


0-27 


0-05 


0-37 





1610 
15-92 



Silica, - - - - 

Manganous oxyd, - 
Ferrous oxyd, 

Magnesia, - - - 

Lime, - - - - 

Zinc oxyd, - - - 
Ignition, ... 

99-93 

The small amount of oxyd of zinc was unquestionably duo 
to zincite, and deducting this from the oxygen of the bases, the 
ratio is 16-10 to 15*87 or 1 : 1, giving the formula ti^Sl The 
analysis hence shows tephroite to be an almost pure manganesian 
chrysolite. These results agree essentially with those obtained 
by Eammelsberg and Thomson, although I find a little magnesia 
and lime which is not indicated in their analyses. 

At Stirling, I found two varieties of a mineral, which, in 
cleavage and general physical characters, resembled Breithaupt's 
tephroite. One of the varieties had a slightly reddish-brown 
color, while the other was more distinctly reddish-brown, and on 
the cleavage surfaces almost flesh-red. Both specimens were 
less fusible than the original tephroite, the brown variety fusing 
at about 4, while the reddish variety had a fusibility nearly equal 
to 5 of V. Kobell's scale. In all other physical characters these 
two substances appear to be identical with tephroite. They very 
much resemble feldspar, and were it not for their high specific 
gravity, most mineralogists would, on a mere inspection, deter- 
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aine them to be members of the feldspar group. The mineral 
hat I found at Stirling exhibited a beautiful and vivid green 
phosphorescence when struck with a hammer in a darkened room. 
The broad cleavage surface is striated with fine parallel lines. 
Ainalyses made by Messrs. Peter Collier and Arnold Hague under 
ny direction in this Laboratory gave the following composition. 
No. 1, brown variety, analyzed by P. Collier. No. 2, red va- 
riety, analyzed by A. Hague. 

1. Oxygen. 2. Oxygen. 

SUica, 80-65 1629 81-73 16-92 

Manganous oxyd, 62-32 11-791 47*62 10*73' 

Ferrous oxyd, 1-62 034 I 0-28 006 

Magnesia, 778 809 j- 16-84 14-08 6-61 ^7-48 

lame, 1-60 0-46 0-54 015 

Zinc oxyd, 6-93 117 J 477 94^ 
Ignition, 0-28 35 

9993 G.=2-97 99-27 G.=2-87 

Both minerals were associated with zincite, disseminated in the 
game manner as in the original tephroite, and the oxyd of zinc 
pven in the analyses is undoubtedly due to this impurity. Des 
Cloizeaux has also published analyses of two specimens of this 
mineral, in both of which zincite was present as a mechanical 
impurity. These analyses, made by Deville* and Damour," gave 
the following results : 

Si i/Ln i'e fig Oa 2n Ign. 

2837 59-31 2-16 216 039 7*58 = 9997 Deville. 

29-95 36-43 196 1860 1161 171=10026 Damour. 

t 

Excluding the oxyd of zinc in my analysis, and in those by 
Collier, Hague, Deviile and Damour, we have — 

Si An i'e "kg Oa Ign. 

1. 80-27 66-77 109 1-39 1*04 0-37= 99 98 Brush. 
Oxygen, 16-14 14-82 024 066 30 

2. 80-70 64-17 234 234 042 = 9997 DevIUe. 

Oxygen, 16-37 1446 0-52 094 0-12 

3. 32-48 66 62 1 61 822 170 080= 99-98 Collier. 
Oxygen, 1732 12-53 036 3-29 0-48 

4. 83-33 60 02 024 14-74 0-67 37= 9927 Hague. 
Oxygen, 17-73 11-27 0-05 6 90 0-16 

6. 33-88 41-20 2 22 2103 l-93=sl0026 Damour. 

Oxygen, 17-80 9-28 0-49 841 

The ratio of the oxygen of the silica to that of the bases in 
No. 1, is 1614 : 15 92. No. 2, 16-37 : 1604. No. 3, 17-32 : 16-66. 
No. 4, 17-78: 17-38. No. 5, 1780 : 18-18; in each, almost ex- 
actly 1 : 1, giving the formula (ivin, jVlg)^^!, with only a small por- 
tion of the manganese and magnesia replaced by iron and lime. 

In Damour's analysis the magnesia, manganese and silica 
have the oxygen ratio 1:1:2 corresponding with the formula 
'' "Si+Mn^Si or (i]yig+4]iLn)3Si, while in the variety analyzed by 

' Des Cloizeaux, Manuel de Mineralogie, i, 88. ' Ann. des Mines, loe, cit. 
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Hague, the ratio is nearly 1:2:3, giving the formula Ag'Si 
+2Mn3Si or (J]4l:g+f]!Jln)3§i. The specimens analyzed by Deville 
and myself, as well as those investigated by Thomson and Eam- 
melsberg, are very nearly pure Stn^gi^ so that we have here repre- 
sented three distinct varieties of tephroite, each giving a simple 
ratio and formula. The replacement of manganese by magnesia, 
as shown by the above results, is exceedingly interesting, in view 
of the fact, that both chrysolite and tephroite crystallize in the 
trimetric form. A further analogy is observed, when the varie- 
ties of tephroite are compared with those of chrysolite; for 
besides the indefinite isomorphous mixtures of magnesia and 
iron in the various olivines, we have in boliomie an example of 
a magnesian chrysolite, and in hyahsiderite an iron magnesian 
chrysolite, (S^eSSi+fig^gi), while fayalite is an almost pure iron- 
chrysolite. The analyses of tephroite, here given, seem to de- 
monstrate that the varieties thus far examined have no oxyd 
of zinc in chemical combination, although the mineral is inti- 
mately associated with both zincite and willemite. 

New Haven, Oct. 1st, 1863. 



Art. Vlli. — Crystdllographic Examination of the Acid Tartrates of 
Ccesia and Rubidia ; by JosiAH P. Cookie, Jr. 

1. Biiartraie of Ccesia, HO, CsO, CjH^O, 5. — This salt forms 
transparent and colorless crystals belonging to the trimetric 
system, which may present either a right-handed or a left-handed 
hemihedrism. The axial relations calculated from the angles 
Z and Y of the fundamental octahedron are 

a : b : c = 0-661 : 1 : 0-694 

The observed planes were 

+ 1 =i+i {a:b:c) iizucca: b : oic 

-1=--^ {a:h:c) ilzzzcca: ocb: e 

-43=-^(|a : 6 : 3c) lizzza: b\ occ 
I = (xa\b:c 

The values obtained for the angles are as follows. Those 
asterisked were used in calculating the angles given in the sec* 
ond column. As used by Naumann and Dana, X indicates the 
angle between two planes of the fundamental octahedron over 
the macrodiagonal edge, Y the angle over the brachydiagonal 
edge, and Z the angle over the basal edge. 

X = 103° Y=128°60' Z=i98°30' 
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Observed. 


Calculated. 


+1 on +1 over vertex, 


SI** 30'* 




+1 on +1 over tl, 


SI** 10'* 




+1 on - 1 over brachy.-edge, 


128° 68' 


128° 50' 


+1 on —1 over macro.-edge, 


102° 68' 


103° 


4-1 on I 


139° 15' 


139° 16' 


+1 on a 


115° 36' 


116° 35' 


, I on I over U, 


69° 22' 


69° 30' 


It on 11^ over vertex, 




113° 4' 



1. 




These angles were measured on three different crystals similar 

to fig. 1, and excepting for the angles between 

the prismatic planes, the values closely agreed 

on all. The planes +1 were very perfect and 

the angles between them agreed to a min- 
ute. The planes —1 were not so perfect, but 
the angles which they formed are accurate as 
given above within a few minutes. The planes 
u and n were strongly striated parallel to the 
vertical axis 'and the angles made by them 
with other planes could not be measured with 
any accuracy when the intersection edge was 
parallel to the direction of the striation. The 
same was also true of the angles made by 
the planes I, under the same circumstances, 
although no striation was visible and the re- 
flected image was frequently well defined. 
When, however, the intersection-edge was at 
right angles or greatly inclined to the striae, the 
angles could be measured within a few minutes, and were found 
to be very constant. The planes It on all the crystals examined 
were very imperfect and generally only rudimentary. 

The crystals of the bitartrate of caesia cleave witn great readi- 
ness parallel to the plane zz, with less readiness, but still easily, 
parallel to i?, giving in each case brilliant planes of cleavage at 
right angles to each other. No evidence of cleavage parallel to 
the basal section could be detected, the crystals when broken 
or split in this direction always giving a conchoidal fracture. 

Among the crystals of this salt kindly submitted to our ex- 
amination by Mr. Allen, two very different types of forms were 
easily distinguished, which, as we are informed, were the result 
of wholly different crystallizations. In fig. 1 we have both the 
positive and negative sphenoids (which form together the funda- 
mental octahedron), the planes of the first being distinguished 
from those of the last only by being uniformly much more de- 
veloped and having a greater brilliancy. In another variety of 
this same type of forms, represented by fig. 2, we have only the 
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positive sphenoid. Orvatals were also observed intermediate 
between figs. 2 and 1 with tbe planes of the negative sphenoid 
in different degrees of development. The crystala of the variety 
represented by fig. 2 contained a small amount of rubidium; 
but this isomorphous admijcture did not perceptibly alter the 
angles. We measured on three different crystala 

Otnerred. Calcnlitod. 

+1 on +1 OTer yertex, 81° SC 81° 30' 

+1 on +1 over fl, 51° KX 51° W 

+1 on I, 130° 16' 139° IB' 

These crystals were very perfect and comparatively large^ 

meaaaring about 7 millimeters long by 5 millimeters wide in tna 

direction of the bracbjdiagonal. As with tbe first variety, no 

accurate measurements could be obtained of the angles betweeo 

the prismatic planes. 




The second type of crystals is represented by the figures 3 
and 4. On these forms we have the planes of a left-handed 
sphenoid, —^3, which are not found on crystals of the first type, 
and are here so largely developed as to give a very different 
character to the crystal. . Planes of tbe corresponding posiUve 
sphenoid were not discovered, although a large number of cry^ 
tals were examined. These plaues were very dull and rough, 
even on the smallest crystals, and could not therefore be deter- 
mined with absolute precision. A reflected image was obtained 
by attaching to them small plates of mica, and the angles 
were thus approxiraatively measured, but the results cannot be 
relied upon within two or three degrees. The values obtained 
were 

Meuared. Calculated for |S. 

X 146° 144° 46' 

Y, fl?i^° lOl" 62' 
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No other probable parameters of these planes would even ap- 
)roximatively satisfy these values. The crystals represented by 
ig. 8 differ materially from those represented by fig. 4, and were 
obtained by a different crystallization. All of the first have the 
)lanes +1, which could not be detected on those of the last. On 
hree separate crystals of the form fig. 8, the angle +1 on I meas- 
ired 189° 15', the same as on the crystals of the first type. 

It is evident, then, from this examination that the bitartrate 
3f caesia forms two different types of crystals, which present 
respectively a right-handed and left-handed hemihedrism. Either 
of these hemihedral forms may appear without the other, as in 
figs. 2 and 4, or they may be united on the same crystal, as in 
fig. 8. It would be interesting to examine in this connection the 
optical properties of the salt, but we had not sufficient material 
for the purpose. The crystals were all proved by spectroscopic 
examination to be pure bitartrate of csesia, with the exception of 
those like fig. 2, which, as already stated, contained a small 
amount of rubidium. Nothing is known in regard to the condi- 
tions of the crystallization, which would to any degree explain 

the formation of the two different types of forms. The most 
obvious hypothesis is that they are connected in some way with 
the two opposite modifications of tartaric acid ; but there is no 
evidence that any other than the ordinary variety of tartaric 
acid was used in the preparation of the salt. 

2. Biiartrate of Rubidia, HO, RbO, C.HeO,,.— This salt re- 
sembles very closely the last, with which it is isomorphous. The 
crystals examined were all similar in character, about 5 milli- 
meters long by 2 millimeters wide, and very perfect. They 
belong to the trimetric system and have the axial relations, 

a I h : f=0'695 : 1 : 0*726 

The planes observed, with the exception of —1, are represented 
on fig. 5. They are the same as on the last, with the exception 

of the negative sphenoid —^3. Of this no trace 
could be discovered. The planes —1, moreover, 
were at best very small and generally wholly 
absent. The angles measured or calculated are 
as follows : 

X=:103** 40' ¥=126^* 43' Z=99'* 34' 



0. 





Measured, 


Calculated. 


+1 on +1 over vertex. 


80^ 26'* 




+1 on +1 over t% 


63° 17'* 




+1 on +1 over n, 


76** 14' 


76° 20' 


+1 on I, 


139° 47' 


139° 47' 


I on I over *l, 


71° 33' 


71° 66' 


11 on It, 




110° 26' 
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Pour diflferent crystals were measured, and the angles on all 
closely agreed with the exception of the angles between the pris- 
matic planes. To these the same remarks apply as to those of 
the crystals of the bitartrate of csesia. As is snown by the fig- 
ure, the planes H are more largely developed on the crystals of 
the rubidium than those of the C86sium salt, and in this as well as 
in the other figures, we have endeavored to preserve as nearly 
as possible the general habitus of the crystals, as well as tlie 
relative dimensions of their planes. 

The cleavage of the crystals of the bitartrate of rubidia is 
in all respects similar to that of the caesium salt, and the same is 
true of the crystals formed by an isomorphous mixture of the 
two substances. Moreover, the planes n and n are similarly j 
striated on both. a 

3. Bitartrate of Potassa. — We add for the sake of compariscm 
the elements of the crystalline form of the ordinary bitartrate of 
potassa as determined by Schabus (" Eammelsberg's .ffrystoflb- 
graphische Chemie,^^ page 804). His results, reduced to the system 
of notation used in this article, are 

a:6:c=a-7372:l :0-7ll6, 

Xz=100°20', yz=:126^46', Z=103^38'. 

For the most part, the same planes occur as on the crystals 
above described, but the planes of the brachydome are more nu- 
merous and more developed. Moreover, the planes n instead 
of being striated vertically, as on these crystals, are stria^ 
horizontally, and corresponding to this striation the most perfect 
cleavage is parallel to the basal section. Cleavages can also be 
obtained parallel to ^^ and n, but they are less perfect, the last 
being the most diflScult of the three. It will be remembered 
that the crystals of the bitartrates of caesia and rubidia could 
not be cleaved parallel to the horizontal section, and hence, 
although the dimensions of the form are i>ot widely diflferent, 
the difference of structure is so great that the potash salt can 
hardly be regarded as isomorphous with the other two. 

The crystals described in this article were prepared, in the 
Sheffield Laboratory of Yale College, by Mr. O. D. Allen, from 
the Hebron lepidolite, and we are indebted to his kindness for 
submitting them to our examination. They have an additional 
interest from the fact that in his hands they have furnished the 
means of separating perfectly the two new metals, and of deter- 
mining with great accuracy the chemical equivalent of caesium. 

Cambridge, November 25th, 1868. 
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Art. IX. — Oeographical Notices, No. XIX« 

Speke anb Grant's exploration of the sources of 

THE Nile. 

The great event of the year 1862, in geographical exploration, 
lias been the reported discovery of the sources of the Nile by 
the perseverance and boldness of two English officers, Capt. 
J. H. Speke, and his associate Capt. J. A. Grant. 

A telegraphic despatch from Alexandria to London brought, 
in May, the brief announcement, "The Nile is settled;" shortly 
aflerward the journal of the travellers was communicated to the 
Boyal Geographical Society, and finally, on the 17th of June 
last, the explorers themselves arrived at Southampton. A 
meeting of the Society just mentioned, under whose auspices the 
expedition had been sent out, was immediately called, and in it 
Capt. Speke made a statement full of interesting particulars in 
regard to the route he had followed and the discoveries he had 
made. 

Those of our readers who have followed the progress of 
African exploration will remember that in 1858, Capt. Speke 
(then travelling in company with Capt. Burton) discovered the 
head of a great, fresh- water lake lying close on 8° south lat., 
and at an elevation of about 4000 feet above the sea line, which 
he at once conjectured, from its size and position, as well as from 
all which the natives told him of its extent, to be a principal 
source of the river Nile. This lake was called hj the natives 
Nyanza, a term signifying Water, Lake, Pond, or Eiver, to which 
the English disco verer added the name of his sovereign, christen- 
ing it V ictoria Nyanza. Being prevented at that time from put- 
ting his conjecture to the proof, CaptiSpeke returned to England, 
and with the patronage of the London Geographical Society and 
the British Government, went forth in 1860, on a new expedition, 
having for his chief object the determination of this specific 
question. Beaching the coast of East Africa about the first of 
October, 1860, Messrs. Speke and Grant made their way to the 
southern point of the Nyanza, and thence going northward they 
traced one of the principal affluents of the Nile from its source in 
the lake to its union with the great river itself. This result has 
been heralded everywhere, in general terms, but having received 
Capt. Speke 's own Eeport of the journey we prefer to place its 
details on record here.* Their sagacity, perseverance, bravery 
and success elicit universal commendation. We understand that 
a volume may be expected from the explorers at an- early day, 
from the press of Wm. Blackwood, Edinburgh. 

' V. Proceediogs Roj. Geog. Soc., Lond^ yii, 212-217. 
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For an illustration of the relations of the Victoria Nyanza to 
Lake Tanganika, and the River Shire, the reader may consult 
to advantage a map by Mr. Ernest Sandoz in the American 
Geographical Society's Proceedings, October, 1862. 

Capt. Speke's narrative begins with reminding his hearen 
that nis observations are the results of two visits to the region, 
and that he has not followed the river from head to foot, but 
has tracked it down, occasionally touching upon it. His state- 
ment blends native information with his own experiences. He 
then continues, — 

" After returning to Unyanyembi {the old point) 3® S. of the lake, in 
1861, 1 struck upon a new route, which I imagined, from the unsophis- 
ticated depositions of the ivory merchants, would lead me to a creek on 
the westerly flank of the Nyanza, situated on the southern boundary of 
Earagw6. Geographical definitions were here again found wanting, 
for, instead of the creek to the ^reat lake appearing, a new lake was 
found, called Luero-lo-Urigi, or White Lake of Urigi, which appeared 
to have formerly contained a considerable amount of water, but is 
now fast drying up. Its head lies in Urundi, and, circling round the 
south and east flanks of Karagw6, in form a mountain valley, is, sub- 
sequently drained by the KitanguI6 River into the Nyaoza, but not in 
sufficient quantity to make any sensible impression on the perennial 
eontents of the Nyanza basin. It is to the west and south of Earagw^ 
that the lake receives its greatest terrestrial supply of water, ihrough 
the medium of the Kitangule River^ which, in draining the aforesaid 
Luero-lo-Urigi, drains off the superfluous waters of many minor lakes, 
as the Akenyara in Urundi ; the Luchuru, which is the second of 
A chain including the Akenyara; the Ingezi and Karagim6; and the 
little Winandermere, which in Karagwe lies below the capital on its 
southeastern corner. None of these lakes are large — mere puddles in 
comparison to the great Victoria Nyanza ; but still the Kitangul6, after 
receiving all their contributions, is a noble river, low sunk like a huge 
canal, about 60 yards across, with a velocity of about 4 miles an hour, 
which appears equal to the Nile itself, as soon as it issues from the lake 
by the Ripon Falls. The question naturally suggests itself, What forms 
these lakes ? — whence originate their waters ? It is simply this : the 
Mountains of the Moon, in which they lie, encire-Iing the northern end 
and the Tanganyika Lake, are exposed to the influences of the rainy zone, 
where I observed, in 1862, no less than 238 days out of the year were 
more or less wet ones. Mashond^, in the upper portion of Uganda, is 
the first place where, in tliis second expedition, I obtained a view of the 
Victoria Lake^ called in these more northern countries Luero-White 
(lo-of) Luta (dead) Nzige (locust), in consequence of the reputed fact 
that flights of locusts, in endeavoring to cross these waters, have dropped 
down from fatigue, unable to accomplish such an extended journey on 
wing, and, perishing in the lake, have been found dead in dense masses 
by the boatmen. But, like the word Nyanza, it is also applied to the 
Nile and its tributaries, thus confounding all inquiry. This is the ex- 
plorer^s greatest difficulty in endeavoring to put together the information 
which he bears, though it may be overcome \i^ <iW^ Q^^\!vi\i\\i^^«<(^TL 



j 



Exploration of the sources of the Nile, 77 

better -with the natives than with the Arabs; for whilst the former 
regard all rivers flowing, as we do, from head to mouth, the Arab inva- 
riably says it runs from mouth to head. In a southerly direction the 
[Jaganda boatmen go as far as the island of Ukerew6, which I saw on 
my first journey to Muanzae, the southern extremity of the lake ; and to 
ihe eastward beyond the escape of the Nile, to the northeastern corner of 
Victoria Lake, where by a strait they gain access to another lake in quest 
of salt, possibly the Baringa of Dr. Krapf, which he, from information 
gained through the natives, called Salt Lake, most likely because there 
are salt islands on it, which reasoning I deduce from the fact that on. my 
former expedition, when the Arabs first spoke to me of the Little Luta 
Nzig6, they described it as a salt-lake belonging to the great Nyanza; 
yet not belonging to it, when further pressed upon the subject. The 
Great Nyanza waters were purely fresh and sweet. They (the Arabs), 
like Dr. Krapf, merely narrated what they heard. As salt-islands were 
visited by the natives in search of that mineral, the surrounding waters 
naturally were considered salt by them, deprived as they were of its 
connecting links, which included the whole area of ground under con- 
sideration within the limits of the drainage system of the Nile. The 
Arabs, who, it is now very clear, had heard of everything in connexion 
with the science of physical geography, were enabled to connect what 
Ihey had gleaned in detached fragments from it. Dr. Krapf further 
tells us of a river trending from the river Newey, by Mount Kenia, 
towards the Nile. If such is the case, it must be a feeder to the Baringa, 
whose waters pass off" by the Asua river into the Nile, for the whole 
country immediately on the eastern side of the Victoria Nyanza is said 
hy the Arabs, who have traversed it for ivory, to be covered with low 
rolling hills, intersected only by simple streaks and nullahs from this 
point in Muanza to the side streak, which is situated on the Equator, on 
the northern boundary of the Victoria Nyanza. Turning now again to 
fiiashond6, and proceeding north along the boundary coast of Nyanza to 
the valley of Katonga, which, as situated on the quarter of the lake, is 
constantly in view, the land above the lake is beautiful, composed of low 
sandstone hills, streaked down by small streams — the effect of constant 
rains — grown all over by gigantic grass, except where the numerous vil- 
lagers have supplanted it by cultivation, or on the deltas, where mighty 
trees, tall and straight as the blue gums of Australia, usurp the right of 
vegetation. The bed of the Nyanza has shrunk from its original dimen- 
sions, as we saw in the case of the Ujiji Lake ; and the moorlands im- 
mediately surrounding are covered with a network of large rush-drains, 
with boggy bottoms, as many as one to every mile, even counting at one 
period a much fuller stream than at the present day, when the old bed 
was on the present surface of the water, and its breadth was double that 
which it now presents. The Mountains of the Moon are wearing down, 
and 80 is Africa. Crossing over the Equator altogether, the conformation 
of the land appeared much the same, but increased in beauty; the drain- 
^e system was found the opposite, clearly showing where in the north 
slope of Africa one stream, the Mweranga, of moderate dimensions, said 
to arise in the Lake, flowed north, and joined the Nile in the kingdom 
of Unyroro, where its name is changed to Thafa. Far on, another stream, 
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the Luajerri, followed its example ; and then still further on from the ces* 
ter of the Lake Nyanza's coast, issued the parent stream of the Nile, flowhig 
over rocks of igneous character 12 feet high, which the natives, and alto 
some Arabs, designate by the simple name of ^* stones." I have done my- 
self the honor to christen it the Ripon Falls, after his Lordship, who wai 
the President of the Royal Geographical Society when the expedition 
was set on foot. Now, proceeding down the Nile from the Ripon Falli^ 
the river first bisected the sandstone hills which extend continuously into 
Usoga above the coast-line of the lake, and rushed along northward with 
mouDtain torrent beauty ; and then, having passed these hills— of no 
great extent — it turned through long fiats more like a lake than a Hv«r, 
where, in Unyroro, it was increased by the contribution of the Kaffn and 
the Luajerri, and continued in this navigable form to tlie Karuma Falk 
in Chopi, where again, the land dropping suddenly to the westward, wo 
saw the river rushing along with boisterous violence, but could not fol- 
low it, owing to the war which lay upon the track. It was, indeed, s 
pity, for by common report, not 60 miles from where we stood, the Littk 
Luta Nzig6, which I had taken so much trouble in tracing down iti 
course from the Lunse Montes, with its salt islands in it, joined the Nile. 
Tbe main river was next met with in the Madi country, due north of 
the Karuma Falls, where it still bore the unmistakable character of tbo 
Nile, — long fiats, long rapids. The southern half of the Madi was a flat| 
extending, we believe, to the junction of the Little Luta Nzig6; tho 
northern, a rapid extending down to the navigable Nile, that is to say, 
the Nile which is navigable its entire length during the period of iti 
flooding ; and here it is that the Asua river of which we have heard, drain- 
ing from the northeast corner of the Victoria Lake, joins ; in a rainy sea- 
son an important feeder, but when low, fordable. The first great affluent, 
which, indeed, is the only one worthy of remark on the left of the Nile^ 
is the Bahr el Ghazal. The point of confluence presents the appearenet 
of a dimiuutiye lake at a sharp elbow of the Nile, and has hardlj 
any visible stream of its own, whilst the great river winds round with i 
considerable velocity, carrying as I have said the palms with it. Tho 
second aflluent in order of position, which, with all the others, is on the 
right of the Nile, is the Giraffe River, swirling with a considerable stream 
and graceful round into the parent Nile. Its magnitude and general 
appearance is like that of a first-class canal, inferior to the KitanguM 
River, although not as much as to equal in volume one-third of the Nile 
at its point of junction. It is navigable to a great distance south; but 
where it comes from, nobody kuows. It cannot be called a mountain 
river, as we found it full of rosets floating on its surface as in the Nile, 
evidently showing that both the trunk and the branch are subjected to 
the same alternations of sluggish fiats and rapids. The third is the 
Southern Sobat River, which was full and navigable. In breadth it ii 
greater than the Giraffe River, but less in velocity; so that we may infer . 
their perennial contents are much the same. Unfortunately, tho North- 
ern Sobat was passed without our knowledge, which also being navigable, 
would make the Upper Sobat, that is to say, the Sobat above the Delta, 
of far greater magnitude than the Giraffe, unless, indeed, the three 
streams may be one river still further south, when in its combination the 
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(ympurison would have to be drawn with the Nile above it, which it 
roald very nearly equal; for the Nile, with these additions, has scarcely 
loubled its importance, considered as it was seen from above entering the 
)ahr el Ghazal. The Blue River was long assumed to be the Nile only 
because its perennial powers were never tested. It appears to be a nioun- 
Jkin-streara emanating in the country without the rainy zone, but subject 
o the influence of tropical rains and droughts, at one time full, and empty 
It another, or so shallow as to be fordable. The suspicion, therefore, that 
it was the Nile, must of itself appear absurd : for its waters, during the 
dry seasons, would be absorbed long before they reached the sea. But 
apart from this feature of the volume of the Blue River, the Nile runs 
like a sluice in its wonted course; whilst the Blue River, conjoining with 
tlie Giraffe and Sobat, describes a graceful sweep. The Atbara, which is 
the last, is in all respects like the Blue Nile, only smaller. With one 
more remark I will conclude. In the height of the dry season in the 
"White River, the Blue is freely navigated, owing to the great accessions 
of the Giraffe and Sobat Rivers, but below the Blue and Atbara Rivers to 
the sea, the sandbanks obstruct further passnge." 

Unger's Scientific Eesults of a Tour in Greece and 

THB Ionian Islands. — From the recent work of Prof. Fr» 

Unger, we derive the following epitome of his observations. His 

brief tour (March 25-»Iune 10, 1860) was confined chiefly to 

Ettboea and the Ionian Islands, and the results are contributions 

to their Botany and Geology. He gives a catalogue of 594 

Bpecies of living plants collected by him, four of which being 

Dew are described in full, Biatora Ungeri, I^eckera cephalonica^ 

Neckera tnrgida, and Silene Ungeri, and with them a new variety 

of Evemia divaricaia. Some fossil plants were found, especially 

at Kumi on the east coast of Euboea, from which place he gives 

descriptions and engravings of 56 species of a remarkably wide 

botanical range, belonging to no less than 41 genera and 2& 

natural orders. The fresh-water deposit which is seen here and 

in the northern Sporades appears also- near the gulf of Smyrna, 

and even as far to the southeast as the Cilician Mt. Taurus. 

Specimens from this last locality were examined by our author 

and described ten years ago. % 

A geological and topographical chart of Corfu accompanies 
the work, showing the prevailing Cretaceous limestone {kreide- 
JcaOc) with Tertiary basins in the centre and in the south. The 
highest elevation is in the north, St. Salvator, 2900 feet. 

Several curious natural phenomena are discussed by linger, 
as for instance, that at Argostoli on the west coast of Cephallenia, 
"where the gulf waters flow inland through narrow channels 
disappearing under the rocks. The force of the water in one 
of them is sufficient to turn the wheel of a mill which has been 
in operation now thirty years. Where does the water go to ? 
He supposes it to pass oy subterranean channels to the salt and 
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brackish springs on the eastern side of the island, which are 
only one to one and a half feet above the sea level. The surface 
of the narrow gulf of Argostoli may be so much higher in con« 
sequence of the copious springs flowing into it at its head, as 
well as from other causes not yet observed. Similar salt springs 
have been observed in other parts of Greece, as the ancient 
Kheiti near Eleusis, and may perhaps hereafter be traced to 
marine sources. 

To the question whether, so far as natural characteristics are 
concerned, the East is susceptible of a revival of its ancient pros* 
perity, he gives an affirmative answer, having shown by compa^ 
mg ancient testimonies with his own observations that there has . 
been no natural change there of any account. f. p. b. 

Guyot's Physical Wall-maps of the Continents.--A 
series of accurate Wall-Maps illustrative of the physical strcjg- ^ 
ture of the several continents, and of lesser portions of the earth's ' 
surface, has long been much desired by English and American [ 
teachers. The excellent maps which are published in Germany - 
have never been widely introduced in this country, from the ; 
fact that the nomenclature, explanations and accompanying text I 
are in the German language and are consequently obscure to 
many who would otherwise make use of the charts. At length, 
we have been furnished with an American series, which is not 
merely adapted in this respect to those who are only acquainted 
•with the English language, but which is an original and import- 
ant contribution to scientific cartography, and will be found in 
many particulars, as we believe, superior to other similar works. 

The author of the maps is Professor Arnold Guyot, of Prince- 
ton, N. J., who has been for several years engaged in collecting 
his materials and in studying the best modes of presenting the 
generalizations of our knowledge of the surface of the earth. 
Two or three maps prepared by him were published in Boston 
several years ago, but although they were highly valued, their 
cost was too great to admit of their general introduction. Good 
as tliose were, the maps now published are much better fitted, in 
our opinion, for the illustration of geographical science. In their 
construction, Prof. Guyot has had the skillful aid of his nephew, 
Mr. Ernest Sandoz, whose ability as a draughtsman has been 
cultivated in the best European schools, and is all that could be 
desired in an undertaking of this kind. The result of their 
combined experience and study is satisfactory in a high degree. 
Each of these maps indicates by color the chief physical charao- 
teristics of the country it represents ; the low lands having a 
green tint, the table lands brown, the mountain ranges black, 
and the highest peaks white. One or more cross sections are also 
delineated at the bottom of the map to exhibit in a still more 
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(triking manner the predominant slopes and elevations. Besides 
bhis, the marine currents, the lines of equal temperature, the 
sones of vegetation and other physical phenomena are indicated. 

While these maps are not deficient in details, one of their chief 
tnerits consists in the fact that what is minute and special is made 
subordinate to what is general and extensive. By a skillful 
mode of drawing, those features of a country which constitute 
its chief characteristics are brought prominently before the eye, 
while the minor features are less boldly presented. At a glance 
it is easy to recognize what mountain chains, table lands, or 
water courses distinguish one continent or region from another ; 
while a more careful scrutiny will bring out some of the details of 
the structure. The object seems never to have been lost sight of, 
that in such general maps as these, the essential, the predominant, 
the characteristic, should be given in clear, bold, lines ; while 
that which is secondary and unimportant should either be omit- 
ted altogether or delineated in a subordinate style. Consequently 
the maps are not encumbered with minutiae. They are eminently 
fitted for instruction in a class. Special topography can be ac- 
quired in hand-atlases, where an aoundance of names is a merit 
lather than a superfluity ; but in the lecture and the recitation 
each details are confusing to the eye and embarrassing both to 
the pupil and the teacher. 

In addition to the exhibition of natural phenomena, the chief 
*jx)litical divisions and the principal, towns are also indicated on 
these maps, in a manner which does not obscure the physical 
features. The lettering is also well managed. Names are suffi- 
ciently frequent but are so printed as not to crowd the map, and 
indeed so as not to be read at the distance of a few feet. By 
devices of this kind, a great deal of detail is introduced without 
overrunning the map, and destroying the simplicity and clearness 
which are so important. 

We have seen completed of this series only the maps of South 
America and the United States, but we understand that others 
are ready for publication. (New York : C. Scribner, 1863.) 

Pbop. Whitney on the highest Mountains of the 
United States and of North America. — ^Prof. J. D. Whit- 
ney, Superintendent of the California Geological Survey, dis- 
eosses brieflv in the California Proceedings, ii, 219, the question 
"which is the highest mountain in the United States and which 
in North America?" His conclusion is that ML Shasta, the 
height of which according to the barometrical measurements of 
the California Geological Survey, is 14,440 ft., probably overtops 
ill other peaks within the limits of the United States. Mt. Hood, 
sometimes called the loftiest peak of the Cascade Bange, is prob- 
ably not so high as Mts. Shasta, Bainier, or Adams, and <oy no 
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means entitled to the supremacy of the chain, although one of 
the highest points in it. Dr. Vansant's trigonometncal mea* 
Tirements in 1860 are reported to have given the height of Mt 
Hood as 11,934 feet. 

Mt. St. Elias has generally been considered the highest 
mountain in North America on the authority of Malespma'i 
manuscripts, discovered by Humboldt in the archives of Mex* 
ico, which assign to it an elevation of 17,864 feet. The follow- 
ing circumstances, in the view of Prof. Whitney, justify us in 
believing that Malespina's measurements were gros^y incorrect 

'* In the first place," he remarks, *^ La Perouse measured this mounttm 
in 1786-8, and made it only 12,661 feet high; again, on the EngM 
Hydrographical Charts, it is given at 14,070 feet But, secondly, Vai- 
couver, in his description of the mountain, says expressly that the uaom 
line does not descend very far down its sides, which would be an absurdity, ^ 
if it was really 17,000 feet high in a latitude of sixty degrees. It ii j 
probable that the height given by the British Charts, probably from 
Captain Denham^s measurement, is nearer the truth ; and, if so, thei 
St. Elias is nearly 3,000 feet lower than Popocatapetl, and also lover 
than several other points in Mexico, and lower than Mt. Brown and ML 
Hooker, in British Columbia, according to the usually adopted figarti, 
viz : 16,000 and 16,750 feet. But, it may be said with truth, that th«N 
figures given by Douglas are of little value, and that they are oonsidemblj 
above the real heights. 

In regard to the height of the Mexican volcanoes, there is no lllle6^ 
tainty. They have been carefully measured by Sonntag, whose barooh 
etrical observations agree with the trigonometrical ones of Humboldt, 
made more than fifty years before. According to Sonntag, Popocatapetl - 
is 17,783 feet in height, and must^ therefore, be allowed the honor of 
standing at the head of the mountains of the North American continent" 

Prof. J. D. Whitney's Survey of California— Pro- 
posed Maps. — The California Geological Survey is likely sooil 
to give us much more precise information respecting the physical 
geography of that state than can now be obtained from all 
other sources. The following extract from a communication to 
the California Academy by Prof. J. D. Whitney, the State Geol- 
ogist, exhibits what has already been accomplished. 

*^ California is covered by a vast net-work of mountain ranges, sep*- 
rated by comparatively narrow valleys, with the exception of those of thi 
Sacramento and San Joaquin, which do not, together, cover more thai 
one-fifteenth of the area of the State. The remaining fonrteen-fifteenUu 
may be called mountainous, as the valleys include but a small portioD of 
its surface. Into this mountainous region no accurate surveys have ever 
been carried ; even the General Land Office work stops at the base of the 
mountains. A few ranch lines have been run among the moderately 
elevated portions of the Coast Ranges ; but, as a general thing, the genu- 
ine Mexican grants were limited to the plains. 
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Without considerable topographical work in connection with the 
geological survey we should, then, be entirely unable to carry on our 
geo]<^ical work with any pretense to accuracy, as we could neither locate 
our observations nor make our descriptions of the country intelligible. 
The authority for doing something for the increase of the geographical 
knowledge of the State is found in the clause of the act authorizing the 
rarrey, which requires '* proper maps" to accompany the reports. 

What has been done, up to the present time, in this department may 
be briefly recapitulated as follows : 

A series of maps, forty-nine in number, has been compiled by Mr. 
Hoffman from the original documents at the United States Surveyor- 
Qeneral's OfBce ; the scale of these is half an inch to the mile. They 
oontain a compilation of nearly all that is known at that office in regard 
to the geography of the State; The maps, as thus blocked out, have 
been used by us in the field, by filling in the topography wherever our 
loate has laid. 

The maps which have been or are now being prepared for publica- 
tion are: 

Ist A map of the vicinity of the Bay of San Francisco, on a scale of 

Uf an inch to the n^ile, four feet by three ; it extends from near Santa 

Gna on the south to Napa on the north, and from the Pacific to Corral 

Hollow, east and west. The area of land which it covers is 4,248 square 

ttilesy which is just twice that of the State of Delaware, and only lacks 

tiro hundred square miles of equalling that of Connecticut. As near as 

eaa be ascertained, it contains one third of the population of the State, 

and has about thirty inhabitants to the square mile — the average density 

of the population of California being but little over two to the square 

mile. This map, on which all the details of the topography are given, 

at minutely as the scale allows, is nearly completed, and will be soon 

leady lor the engraver. 

2d. A detailed map, on a scale of two inches to the mile, of the 
▼icinity of Mount Diablo; this is about two and one-half by three feet 
in dimensions, and includes the most important coal mining district yet 
known to exist in the State. The map can be made ready for the en- 
graver in a few days. 

dd. A map of the Coast Ranges, from the Bay of Monterey south to 
Santa Barbara. It is about three feet by two and one-half in dimensions, 
is on a scale of six miles to the inch and embraces about 16,000 square 
miles of territory. To complete it will require about another year's work 
in the field with two sub-parties. 

4th. Map of the Washoe silver-mining region — three and one-half by 
two and one-half feet in dimensions, on a scale of two inches to the mile 
-^rand extending over all the important mining ground of the district. 
This map is from an accurate trignometrical survey by V. Wackenreuder ; 
it is nearly completed. 

5th. Map of the Comstock Lode, on a scale of four hundred feet to 
the inch, completed. 

6th. Map of the central portion of the Sierra Nevada ; scale not yet 
determined on. Extensive surveys have been made by Mr. Wackenreuder 
for this part of the work, and these will be continued during the present 
leason. 
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Of the above mentioned maps, Nos. 1 and 2 will accompany the first 
volume of the Report. Nos. 4, 5, and probably 6, the second volume. 

It is intended, if the survey is carried to completion, to construct s 
final map of the State on a scale of six miles to the inch, in nine ^eeta, 
each about three feet square. 

In addition to the regular topographical work, an extensive series of 
barometrical observation has been made, for the determination of altitudes, 
some two hundred and fifty important points having been ascended and 
measured. The most interesting operation in this department was the 
determination of the height of Mount Shasta, which, by an elaborate 
seri^ of observations, we found to be 14,440 feet above the sea level. 
This is the first of the lofty volcanic peaks of the Sierra Nevada wbidi 
has been accurately measured. 

In the department of geology proper, our explorations have extended 
over portions of forty of the forty-six counties into whi^ the State* it 
divided ; and when it is remembered that the average size of a county k 
equal to half that of the State of Massachusetts, (California having just 
twenty-four times the area of that State,) some idea of the magnitade of 
our work may be obtained. The chain of the Sierra Nevada may be 
parallelized with that of the Alps for extent and average elevation; 
while the Coast Ranges are nearly as extensive as tlie Appalachian chain 
of mountains. 

We have obtained a pretty clear idea of the general structure of the 
Coast Ranges from Los Angeles to Clear Lake ; the vicinity of the Bay 
of San Francisco has been worked out in considerable detail, including 
all of San Francisco, San Mateo, Santa Clara, Alameda, Contra Costa, and 
Marin Counties, with portions of Santa Cruz, Solano, Napa, and Sonoma. 
Considerable field-woik has been done in the Sierra Nevada, chiefly is 
the lower portion of the range between Mariposa and Shasta Counties. 
Our observations have also been extended to the Washoe Region, and we 
have received considerable collections of fossils from the Humboldt Min- 
ing District, (known by this name on the Pacific Coast, but designated 
on Warren's Map as the " West Humboldt River Range," and in longi- 
tude 118^) by which we have been able to fix the age of the formationi 
in that region." 

Recent Austealian Explobationsl — Some months have 
passed since we have made reference in these pages to the im- 
portant researches which have been making to discover the 
physical structure and natural characteristics of the interior of 
Australia. From the Lond. Geog. Soc. Proceedings (iii, 82), to 
which we are iiidebted for so much information that illustrates 
the progress of British enterprise, we draw the following ex- 
tracts. 

"1. Explorations from Adelaide across the Continent of Australia; 
by J. McDouALL Stuart. — ^This expedition proceeded along the pre- 
vious route until they reached the point attained by Mr. Stuart in 1861, 
from which he was obliged to retire in consequence of the inability of 
his small party to penetrate further. 
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The dense scrub that bad in 1861 formed an insurmountable barrier 
was penetrated after six weeks' incessant labor, and the other side was 
reached in safety and without loss. 

On getting into clear country again and taking observations, they: 
fonnd themselves in lat 16° 40'. Ten miles further on, or lat. 16** 3(y, 
they struck on a large river, apparently a branch of the Roper River, 
which they followed down until its confluence with the main stream, 
known as the Roper River. They found that it took its source in some 
rocky and hilly land, through which they crossed several creeks running 
in a northeast direction, until they reached the table-land in lat. 1 3° SO' 
and in long. 1 32^ 30'. They crossed this table-land and came upon a 
large river with a strong current, running through well-grassed country, 
admirably adapted for grazing and agricultural purposes. The rivejr ran 
in a northwest direction, and the party followed its course for a consid- 
erable distance, until in lat. 12° 50' and long. 131° 40' it changed to 
due north. On this course they travelled for about 30 miles, and then 
Btmck dae east for about 10 to 15 miles ; after which due north to the 
leaport in Van Diemen Gulf, which was reached on the 24th of July, 
1862 ; and on the following day they planted their flag on the beaeh 
amid great cheering from the party. 

The point on the coast reached was a promontory marked on the 
Admiralty Charts as being 30 miles east of Cape Hotham. 

The river, which they followed, ran about 40 miles parallel with m 
river marked on the map as the Adelaide, the diflerence in the longitnde 
being only from 6 to 1-2 miles. Stuart passed through much good 
country, well fitted for agricultural and pastoral purposes. Leichhardt 
bad previously seen this tract, and noticed it in terms not less favorable. 
Even in the scrub water seems to have been found in sufficient quanti- 
ties to satisfy the wants of all the party, including the horses, obviating 
any necessity for carrying a supply from camp to camp beyond New- 
castle Water. 

They were not nearly so fortunate on the return route, being more 
than two whole days before they obtained a necessary supply — the only 
occasion on which they were inconvenienced by its want. 

Their provisions held out till the latter part of their journey, when 
they were compelled to sacrifice three of their horses for food. 
^. Mr. Stuart met M'Kinlay at the Kapanda Station ; and at the Adelaide 
Station Mr. Howitt's party were among the first to welcome him home 
after his laborious but successful mission. 

2. Exploration of the Interior of Australia ; by Mr. Landsborouoh. 
— Mr. Landsborough, who had previously (Proceedings, vol. vii, p. 5) 
explored southwesterly for 300 miles, started from the Gulf of Caipen- 
taria on the 10th February, 1862, following the Leichhardt for some 
distance, and turning off near the falls in a direction E.S.E. over a grassy 
country. This terminated in some picturesque hills, among which it 
was thought that a sheep establishment would be well placed. Beyond 
the hills there was more wood and less pasture. The Flinders was 
crossed on the 19th, followed for some time, and finally left on the 1st 
March in lat. 20^ 3^. Near Mounts Little and Brown the river is deep, 
and seems perennial. The country is probably thinly inhabited, as the 
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first native was seen on 1st March. The rains in this month were heavy, 
and rendered the ground soft and difficult. The pasture continued 
good, with sufficient wood for fuel ; but the country would not bear a 
great amount of live stock, and both water-tanks and annual grass 
sowing would be necessary. While still on the Flinders a blue range 
of mountains was visible, and named Branston Range ; another moun- 
tain was named after Frederick Walker. On the 22nd March the party 
encamped on the Jardine Creek, an affluent of the river which they 
had followed so long. On the 26th, while tracing out the neighboring 
creeks, draytracks were seen, probably those of persons who have 
occupied Bowen Down, a district discovered two years previously by 
Mr. B. Buchannan. On the 29th the party reached Landsborou^ 
Creek, leading to Thomson River, where Landsborough came upon an 
old camp of his own. About lat. 22^ 58' they also fell in with some 
fine looking natives, who said that they had seen an exploring parly, 
but no camels. Further on the natives possessed some iron tomahawks, 
which they said they got from another tribe on^ the river to the south- 
ward. Continuing their course in a S.S.W. direction, and partly under 
the guidance of natives, some of whom, however, seemed disposed to 
be hostile, the party on the 15th April reached a creek which they 
named Dunsmore, and which led them on the 1 7th to Cooper lUver. 
The country passed through and explored during the next four weeks 
i» the neighborhood of the same river was generally of an indifferent 
character, and towards the east the horses on more than one occasion 
suffered from want of water. Marks on many of the trees showed that 
it had been visited. On the 21st of May they reached the station 
of a settler on. the Warigo River; and thence passed by Bumaranah 
on the Darling on the 2nd of June, to Menindie and Melbourne by the 
usual route. 

3. Explorations in the Interior of Australia by the Burke Belief 
Expedition^ under Mr. J. M'Kinlay. — The South Australian Burke 
Relief Expedition was originally organized with the view of ascertain- 
ing the fate of, and affording relief to, that portion of the Burke expe- 
dition which perished upon Cooper Creek, after achieving the task so 
unsuccessfully undertaken by previous explorers. It left the South 
Australian capital on the 14th of August, 1861, and reached the con- 
fines of the settled districts on the 26th of the following month. On 
the 27th of September the party, consisting of nine whites and two 
natives, with twenty-four horses, four camels, twelve bullocks, one hun- 
dred sheep, and dog, crossed Lake Torrens, and fairly commenced their 
arduous task. Though not at that period occupied, the country to the 
north of Lake Torrens had been visited by many of the settlers upon 
the southern margin ; and one of them undertook to guide the party 
to the first of a series of fresh water lakes, about fifty miles in advance. 
It took several days to reach Lake Hope, as the heat of the weather 
completely knocked up the bullocks ; but by the aid of the camels the 
expedition was extricated. During the stay of the party at the lake 
district, an excursion was undertaken with the view of ascertaining the 
truth of a report that some whites were living upon a raft in one of the 
oreeks in the vicinity. On the banks of the creek were marks of a 
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European encampment ; the dung of camels proving that it must have 
been one of Burke's, while en route to or from tne Gulf to Cooper 
Creek. The remains of one of the party, since ascertained to be Gray, 
and shoving traees of a violent death, were found slightly covered with 
earth and boughs ; and at a little distance two holes very like graves. 
A subsequent visit to Cooper Creek left but little doubt about the fate 
of Burke. 

In the course of December the main camp moved to a double lake, 
called Appocaldradille. From this point a scout was undertaken to 
both nomi and east without finding water for 60 miles. The party 
consequently moved on to a deep creek, called Appanbara, where, now- 
ever, they endured much suffering from heat and bad water. After 
the first rains in February, it was thought practicable to tmverse the 
stony desert For some days the route lay along a creek called ' Cari- 
duro ' (probably Eyre Creek of Captain Sturt), where several traces of 
Burke's party were found. At this period of the journey the main 
difSculties were due to the floods, which rise very rapidly, and render 
the whole country a sea either of water or of treacherous mud. Forced 
by the flood to continue a northeast direction, over an undulating stony 
country, the expedition came at length to vast grassy plains, bounded 
by volcanic hills, among which were obtained some of the most striking 
views on the journey. On the 7th of May the party reached the gorge 
through which the Leichhardt flowed towards the Gulf. On the 20th 
the camp nearest the sea was made, at a point where the tide rose 8 or 
9 feet, and where sea anemones floated past in large numbers. On the 
21st tJie expedition commenced its return vid, Port Dennison ; and on 
the 2nd of August, after great fatigues and the loss of most of the cattle, 
the first station in the settled districts was reached." 

Dr. Livingstone's recent exploration of the Niassa 
Lake. — The following synopsis of a recent communication from 
Dr. Livingstone respecting nis explorations of one of the Lakes 
in Southern Central Africa, is taken from the London Geograph- 
ical Society. (Proceedings, vii, 18.) 

*^ Exploration of the Niassa Lake; by Dr. Livingstone and his 
Party. — ^After establishing the members of the University Mission in the 
neighborhood of Mount Zumbo, Dr. Livingstone proceeded with his party 
to explore the Lake Niassa. They carried a four-oared boat in three 
weeks past Murchison's Cataracts, which extend through 85 miles of lat- 
itode, and launched her on the upper waters of the Shir6. They entered 
the lake on September 2, accompanied by a score of natives, and explored 
its western coast for 200 miles, travelling until they were compelled to 
return from want of food, due to the recent extermination of the northern 
coast tribes by savage warfare. Part of the expedition went on foot and 
part in the boat : the latter were never able to cross the lake or venture 
&r from shore, owing to the suddenness and extraordinary violence of 
the storms. They ascertained its breadth by rough triangulation, when- 
ever the haziness of the air allowed the opposite snore to be seen, but no 
certain knowledge was obtained in regard to its northern extremity. The 
lake has something of the boot shape of Italy : it is narrowest at the 
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ankle, where it is 20 miles, and broadens gradually to 50 or 60 miles. 
Its western shore presents a succession of sandy bays, each divided frotn 
its neighbor by a bold headland, with detached rocks extending some dis- 
tance out to sea. Much of the land adjacent to tlie Jake is low and 
occasionally marshy : it is tenanted by water-fowl and some elephants. 
Eight or ten miles from the shore are ranges of high and well-wooded 
granite hills, nearly parallel to its course, and presenting in several placet 
a magnificent succession of distances. The intervening plane narrows 
towards the north ; where Dr. Livingstone turned, it disappears altogether. 
The depth of the lake is readily to be traced by the changing color of 
itfi surface. A belt of bright green water fringes the shore, and varies ia 
breadth from a few yards to several miles : beyond this is the deep blue 
water of the body of the lake. A sounding-line of 200 fathoms was 
found insufficient to reach the bottom one mile from shore. The tem- 
perature of the water is 12^ Fahrenheit ; its rise in the rainy season is 
3 feet. Five affluents were seen on its western coast, of inconsiderable 
size : their united volume was far inferior to that of the waters of the 
Shir6. 

Natives, of essentially one tribe and language, throng the southern 
portion of the lake. Their villages are so close together as frequently to 
form a continuous line of habitations. They are hard-working fisher- 
men and good cultivators of the land : they were reasonably civil to Dr. 
Livingstone's party, and exacted no dues for the right of transit The 
slave-trade is unfortunately active. An Arab had built a *^ dhow** (boat) 
on the lake, in the latitude of Ibo, for the purpose of ferrying slaves 
across. Dr. Livingstone's present endeavor is to transport a steamer to 
the Niassa for the purpose of checking this traffic as far as may be prae- 
ticable, and also with the object of further exploration." 

Exploration of the Eiver Vermejo, in the Argentinb 
Confederation — Mr. Porter C. Bliss. — The Argentine Con- 
federation lately sent an expedition up the Vermejo River, one 
of the principal branches of the River Parana, to examine its 
capacity for navigation and thei advantages of the districts 
which it drains, for commercial enterprise. Connected with 
the party was a young scholar from New England, Mr. Porter 
C. Bliss, who was especially charged with inquiries relative to 
the Indians upon the route. For such investigations he was 
unusually fitted, having long paid particular attention to the 
characteristics of the aborigines of the Continent. A corres- 
pondent of the New York Daily Tiroes^ writing from Buenos 
Ayres, Sept. 28, 1863, reports that Mr. Bliss has returned to 
that city with an abundance of new and important information 
in respect to the region which he has visited. Among the 
subjects to which his attention seems to have been directed, is 
the adaptation of the country to immigrants, for whom it pre- 
sents many attractions. It is suggested as a favorable home for 
the freedmen of the South. From our personal acquaintance 
with Mr. Bliss, we shall look with interest for a full and authen- 
ido statement of his observation&. 
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Abt. X. — Review of Holbrooh's Ichthyology of South Carolina,^ 

This volume is for the most part a second edition, the first 
haying been published in the year 1855, but suspended with the 
issue of the tenth number. The plates, stones, and original 
drawings for the work having been subsequently destroyed by 
the fire which 'consumed the Artists' Buildings in Philadel- 
phia, the government of South Carolina interposed and assumed 
the cost of its reproduction. "The delay in the publication of 
Ae work has, however, enabled" Dr. Holbrook "to give more 
accurate and highly finished plates and to correct some errors of 
the letter press. As but few numbers of the work were dis- 
tributed previous to the destruction of the original plates, .... 
and the present edition is so much improved, the author "de- 
cided to recall the former numbers and to replace them by those of 
the new edition, without expense to the present holders." It is 
to be regretted that the new edition was not more freely opened 
to the patronage of the public, and to obviate the inconvenience 
to naturalists caused by the restriction of its circulation, the pres- 
ent i^otice is given. 

In the second edition, the generic and specific descriptions are 
in most cases entirely the same as those of the first, the principial 
deviations occurring in the family called Ichthelidae. Tne plates 
are also arranged in the same manner, the only exception relating 
to XXIII and xxtv which had the numbers reversed in the 
first, and the interposition of an additional plate between x:xvi 
and xxvil which last in the present is consequently called 
xxvni. The figures themselves are mostly new and are as a 
rule superior to those of the original edition ; the worst are the 
ones illustrating the scales of the Sparoid fishes and another 
intended to represent the preoperculum of " Homopnon lanceola- 
iusJ^ Dr. Holbrook, adopting the fashion introduced in this 
country of figuring ;hree scales of each species, has caused to 
be thus represented those of the Sparoids, but none give an idea 
of the type of structure peculiar to the representatives of that 
femily and so characteristic of it. When the scales are so espe- 
cially figured, we might at least reasonably expect a close ap- 
Cimation to correctness, and when it is not found, and it thus 
mes apparent that the author himself has not paid special 
regard to them, we may well ask why the time and space given 
to these figures could not have been more, advantageously be- 
stowed in illustrating some more important characters. By 
¥hat strange optical delusion a preoperculum, like that repre- 
sented in the enlarged view of that bone in Hoinoprion lanceola- 

* Ichthyology of South Carolina, Vol. I. By John Edwards Holbrook, M.D., 
Ac, Charleston, S. C. Published by Russell <& Jones, 1860. 
Am. Jour. 8ci.—SEcoirD Series, Vol. XXXVII, No. 109.— 3ak.,\^^ 
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tus^ could have been imagined by the artist, it is diflScult to conjec- 
ture. With these remarks, however, special criticism may end, 
for although some of the other figures might be much improved, 
most are tolerably accurate. 

With regard to the nomenclature of the species, little need be 
said. The names which will probably be for the most part 
adopted are given below ; those specially interested in the sub- 
ject are referred to the discussions in the Proceeding of the 
Academy of Natural Sciences of Philadelphia, &o. Dr. Hol- 
brook has been frequently unfortunate in tne application to his 
fishes of former names, especially in the cases of the synonymy 
of his Oaranx hipj)os and Homoprion xanthurus. The Scomber 
hippos L., identified with the first, belongs to a diiferent genus, 
as does also the S, chrysos of Mitchill. Under Homoprion oan- 
thurus, the specific character is based on an extract from CuvierA 
Valenciennes' description and radial formula oi Leiostomus xanr 
thurus, while the body of the description and the figure apply to 
Bairdiella argyroleuca — the Corvina argyroleuca C. & V. — a species 
of a different subfamily. If Dr. Holbrook had been correct in his 
application of Lac^pMe's name Leiostomus xanthurus^ he would 
have been subject to the charge of a perversion of that author's 
generic name, but by a happy error, he has correctly retained 
it in its true sense. 

On the other hand, some former names, concerning whose ap- 
plication there is no reasonable room for doubt, have not been 
at all accepted ; such are the Linnaean Labrus auritus and ffcw- 
terosteus Carolimcs. The former was evidently proposed for the 
species called by Holbrook, Ichthelis rvhricauda — the Pomotis 
rvhricauda of Storer, well characterized in the terse Linnaean 
phrase "opercula apice membranaceo, elongaio, obtuso, nigro^ 
and even rendered more certain as to its application by the 
doubtful reference to Catesby's figure of Pomotis aureus. It is 
however due to Dr. Holbrook to state that it appeared to him 
" certain that the specific name auritus was not applied to the 
" Pomotis vulgaris," and that Linnseus's description might "pos- 
sibly apply to" either P. rubricauda or P. incisor. Probably none 
familiar with the subject will hesitate to retain the Linnasan 
name instead of rubricauda. The Oasterosteus Garolinus was as 
evidently intended for Holbrookes Bothrolaemus pompanus, not- 
withstanding this author's opinion to the contrary.' The latter 
species, it may be here remarked, has served at different stages 
of development, as the type of three genera, and Holbrooo 
Boihrolaemics is founded simply on very old individuals of Tra- 
chynotus in which the teeth had fallen out. 

As Dr. Holbrook has not uniformly adopted a systematic ar- 

' Labrus auritus Linn. Syst. Nat., ed. xii, vol. i, p. 476. 
. -* See Proc. Acad. Nat. dciences, Pbilad., IS62, ^« 489. 
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rangement, but has scattered some species in places where they 
do not belong, the species given under a family name cannot be 
considered as members of that family, even in the author's opin- 
ion, and many of those have been referred to their proper ones 
in foot notes to the text. Labrax, Orystes^ Serranus, Diplecirum, 
Ehypticus and Ceniropristes are not Ichthelidee, but Percidae ; 
Pagrus and Serranus nigritus not Sciaenidae, but severally Sparoid 
and Percoid; and finally Trachinotus and Hcemuhn are not 
ScopelinidsB, but respectively members of the Scombroid and 
Sciaenoid families as understood by Dr. Holbrook. 

With regard to the systematic arrangement thus corrected, it 
may be remarked that it is not an exposition of the views now 
prevalent concerning the limits of the families. All the Scom- 
Dridae of Holbrook are Carangoids, except Cybiurn^ Elacaie^ Echeneis 
and perhaps Temnodbn^ members of as many different families. 
EphippUrS scarcely belongs to the same family as Chcetodon and 
its allies ; Bcemulon and Pristipoma are rather Sparoids than 
Scisenoids, and at least do not belong to the latter family. 
Lobotes is the type of a peculiar one, and finally Sauriis is the 
representative of another. 

The most important modification in the arrangement is un- 
doubtedly the foundation of the family Ichthelidae for the recep- 
tion of the North American fresh water Percoids of Cuvier with 
six branchiostegal rays. Adopting the family of Percidae with 
the boundaries established for it by Sir John Eichardson, he has 
considered that the Theraponidae of that author taken from it 
should be itself subdivided, and the family of Ichthelidae is 
therefore proposed for some of its constituents. The only 
positive character of the family mentioned by Holbrook which 
would remove it from the typical Percoids is the presence of 
only six branchiostegal rays.* As such, if strictly adhered to, 
would necessitate the expulsion from the latter of DuUs (auriga) 
Ptrcilia^ &c., and their transference to the Ichthelidae, the char- 
acter is not the true one, and is of very secondary importance 
in itself. The group of genera embraced under Ichthelidae is 
however so natural, and its representatives so well distinguished 
from the true Percoids by their physiognomy, that it is probable 
that the family itself is a natural one ; it has indeed more resem- 
blance to the Cichloids, and its species hold the same place in 
North America that those fishes do in the Southern Continent 
and in Africa. Like them, the Ichthelidae construct a rude nest, 
guard their young and are the most characteristic Acanthop- 
terygian types of their respective regions. Their arrangement 
of colors and the variation in the number of anal spines are 
analogous, and their forms simulate each other. That form is 

* Dr. Holbrook gives to Gr^stes in the new edition, " branchiostegal rays seven** 
instead of " branchial rays six" as formerly, but in a note adds that " sometimes 
' Qiere are bat six r&ya," 
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distinguished by the equal development of, and the correspon- 
dence of, the regions of the body above and below the axis, 
while in the Percoids and others, these regions are obliquely 
opposed. It is therefore probable that future investigation will 
place the family on a firm basis. The family itself is composed 
of two very distinct types which must be regarded as subfami- 
lies; the Lepomin^ distinguished by the very much greater 
development of the dorsal than the anal fin, their termination 
at the same vertical behind, and the equality of their respective 
soft portions ; the Eucentrarchin^, in which the dorsal and 
anal fins are nearly or quite equal and obliquely opposed, so that 
the end of the anal is considerably behind the vertical from that 
of the dorsal ; the soft portion of the anal is longest. These two 
subfamilies embrace a number of genera ; Pr. Holbrook has ad- 
mitted " PomotiSj Ichthelis, Pomoxis, Ambloplites, GaUiurus [Ag.]*, 
&c., Eaf., Oentrarchus and Bryttusy The Pomotis choetodon Bd., ?. 
obesics, Grd., Oentrarchics pomotis^ Bd., AmblopUies inierruptus Gd., 
and Pomoxis hexacanthiis Ag., are types of as many additional 
genera ; that typified by Pomoiis choetodon may be called Meso- 
GONiSTius on account of the peculiar angulation at the dorsal 
spine ; P. ohesus (n. g. Enneacanthus) is distinguished by the 
nine spines of the dorsal fin ; Oentrarchus pomoiis (AcANTHAB* 
CHUS), by the elliptical form, cycloid scales and convex caudal; 
the ArriblopUtes inlerrupiics has been already separated under the 
name of Archoplites ; finally, Pomoxis hexacanthus, (Hypeb- 
iSTius) is removed from Pomoxis on account of the more oblique 
mouth, less produced snout, and the presence of seven or eight \ 
dorsal spines. Of these genera, Oentrarchus Ag., Hyperistius 
Gill, and Pomoxis Raf., belong to the subfamily Eucentrarchina, 
while all the others are Lepominae.' 

While we have been thus obliged to dissent from Dr. Hol- 
brook in many of his conclusions, we would at the same time 
indicate our appreciation of his great zeal in the cause of science, 
and his laborious and pains-taking endeavors to perfect his 
work. When, indeed, we recall that after having baa engraved 
many years ago at least eight plates representing twice that num- 
ber of species for a work on Southern Fishes of the Atlantic slope; 
after having published at least one part of a " Southern Ichthyolo- 
gy»'» yfith fresh plates in 1847, he suppressed both and issued in 
1855 under another title the work now reviewed, and that he 

* Chaenobrtthus GUI (type Cdlliuma melanops Grd.). — Calliurtit "RatzssCfrytUi 
Cuv.=Micropterus Lac. 

* A synopsis of the family of Ichtfaelidse, or Centrarcboids, wiU be hereafter pub* j 
lished in the Proceedings of the Academy of Philadelphia. There the synonymj , 
of the genera, so much complicated by the mischievous Raiinesque, will be also diB- 
cussed and a rectification of the nomenclature attempted. 

^ ** Southern Ichthyology : or a Description of the Fishes inhabiting the waters of ; 

South CarohntL, Georgia and Florida.'' New York and London, Wiley <b Potnao, j 

J 847. I have seen only one number of tbVs ilV^, \iidMd\x\^ -^^^^ \\a ^^ «DA\taitM • 
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withdrew as much as possible that last publication from cir- 
Q and issued a new edition of it with so slight modifica- 
I 1860, — we cannot withhold the praise of the most con- 
)us desire on his part for perfection, and the wish that the 
lame of the final work shall be followed by others. It is 
5r, doubtful whether the enterprising little state at whose 
e the last edition of that first volume was published will 
le soon to continue its encouragement of the abstract 
3, and we may therefore probably hope in vain for the 
tion of the work. The following list of the species de- 
under Holbrookian names, with references to the pages 
second edition, first edition, plates and figures of second 
, and names known to us, will therefore be useful. For 
nily relations of several of the species, the reader is 
1 to the remarks on a previous page. The list is rendered 
necessary by the impossibility of the recall of the first 
which has already been referred to in so many works 
the great difficulty if not impossibility of obtaining copies 
jecond edition. 



Percidae. 

. flavescens, 2 2 
Ichthelidse. 

>tis vulgaris, 8 6 

eiis incisor,^ 12 13 

rubricauda,' 16 10 

archus irideus, 18 15 

IX AmericaDus, 20 21 

lineatus, 24 17 

es salmoides, 28 25 

Dus erythrogaster, 32 29 

ctrum fasciculare, 35 32 

>xis hexacantbus, 39 36 

ticus maculatus, 42 39 

opristis atrarius, 45 42 

* trifurca, 49 47 
SparidsB. 

18 ovis, 53 51 

don rhomboides, 59 56 
Scombridffi. 

lodon saltator, 64 62 

im maculatum, 68 66 



1. 



2, (Pomotis) aureus. 

1, Lepomis incisor. 

2, Lepomis auritus. 
ui, 1, Euceutrarcbus (irideus). 

2, Morone Americana. 

1, Roccus lineatus. 

2, Micropterus salmoides. 
2, (Epinepbelus) erytbrogas- 
1. fter, 

1, Hyperistius caroliniensis. 

2, Promicropterus maculatus. 
2, Centropristis atrarius. 
1, Triloburus trifurcus. 



II 



44 



IV. 



V, 



VI 



VII 



vni. 



IX, 



2, Sargus probatocephalus. 
1. 

2, Pomatomus saltatrix. 
1, Apodontis maculatus. 



illustrating Umbrina tUbumus (I, I) U, littoralit (10, 1, 2) Miercpogon 
«, (12, II, 2) Corvina ocellata (17, II, 1) Le%o»tomu9 obliqma (21, 11]^ 1) 
^urinameMiB (26, III, 2) Elaeate canada (80, IV, 1) Ephipput gigat (IV, 2). 
ounced od the cover of the second part that " No. I, containing the Ana- 
>ortion of the Work will be published with No. VI, and in the " Notice** to 
edition of the Work reviewed, it is affirmed that " two numbers were pub- 
der another title in 1846.** The number noticed is, however, the only one 
ch we are acquainted. 

o^ incisor, Ut ed * Pomotis rubtkauda, \fX td. 
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Holbrcok's Ichthyology of South Carolina, 



Seriola Carol! nensis, 12 

" zonata, 75 

« chloris/ 79 

Bothrolaemus pampanus, 83 

Caranx defensor, 87 

" hippos, 90 

" falcatus, 94 

*• Richardi, 96 

Elacate Canada, 97 

Echeneis vittata/ 102 

Family Squamipinnidse, 

Epbippus gigas, 107 

" faber, 110 
Family Scisenidse. 

Pogonius cromis, 114 

'* fasciatus, 119 

Heemulon chrysopteron, 121 

*' arcuatum, 124 

Otolithus regalis, 129 

'* thallarsinus, 133 

" nothus, 134 

" Carolinensis, 136 

TJmbrina alburn us, 137 

" littoralis, 144 

Micropogon undulatus, 146 

Oorvina ocellata, ' 160 

Larimus fasciatus, 154 

Pristipoma fulvomacu- 

latura," 157 

Leiostomus obliquus, 160 

Homoprion xanthurus, 164 

'^ lanceolatus, 167 

Lobotes Surinamensis, 169 

Pagrus argyrops, 174 

Serranus nigritus, 177 

Family Elopidse. 

Elops saurus, 

Family Scopelinidae. 

Saurus foe tens, 187 

Trachinotus glaucus, 192 
Hsemulon quadrilineatum, 185 
Family Esocidse. 

Esox affinis, 198 

Esox Ravenelii, 201 

• Seriola cosmopolita, Ut ed. 

• Upper fig., Ist ed. 
^ Fig. 1, l8t. ed. 

• Fig 2, Ist ed. 

^^ Hsemulon fulyomacalatus, lat ed. 

'* Fig. inf =2, let ed. 
'* PL XXIIl l8t ed. 
'' Plate XXVIl, l8t ed. 



70 X, 2, Halatractus Caroline 
73 1, Halatractus zonatus 
77 XI, 1, Chloroscombrus eh 
81 2, Trachynotus Carol! 
85 XII, (sup.) Carangus chryj 
88 (inf.) Paratractus pisq 
92 xiii,(2=sup.)*Carangop8fa 

94 (l=inf.)* Carangus fa 

95 xiY, 2,^ Elacate niger. 
101 1,* Echeneis albicaud 



105 XV, 2, Parephippus gigas 
108 1, " fabei 



112 XVI, 2. 
118 1. 

120 XVII, 1. 
123 2. 

127 XVIII, 1, Cynoscion regalis. 

132 2, '' tbalass 
134 XIX, 1, " notbua 

133 2, " Carolin 
136 XX, 1,* Menticirrus albun 
142 2," " littora 
145 XXI, 1. 

149 2, Scisenops ocellatui 

153 XXII 1. 

156 2, Orthopristis fulvon 

latus." 
163 XXIII," (sup.=l) 
170 (inf.=2^*)Bairdiellaargyrol 
168 XXIV," 1, Stellifer lanceolat 
159 2. 

175 XXV, 1. 
173 2, (Epinephelus) nigi 



180 179 XXVI, 2. 



184 



XXVIII 



1, Sy nodus foetens. 
"1. 
2. 



XXVIII," 1. 

2. 



T. Oil 



• Echeneis lineata, let ed. 

• Lower fig., 1st ed. 

• Fig. 2, 1st ed. 
" Fig. 1, Isted. 

" PI. XXIV, 1st ed. 
" Fig. sup.ssl. Ist ed. 
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^3T. XI. — U. S, (hast Survey Reports for the years 1861 and 1862. 

These volumes embrace the history of progress of the im- 
)ortant public work to which they relate, for the two years 
bllowing the first of November, 1860. It is gratifying to ob- 
jerve that neither political troubles nor civil war have had the 
effect to arrest an undertaking no less interesting to science than 
valuable in its bearing upon the material prosperity of the 
country. In the first of the years above referred to, indeed, the 
plan of operations was laid out without reference to any probable 
interruption from unforeseen causes; and in the midst of the 
igitations which disturbed the public mind during the fall and 
svinter of 1860-61, the operations of the survey went on upon 
the southern coast, from Virginia to Texas, without disturbance. 
The usual amount of work for the season had been accomplished 
by most of the parties before their proceedings were suspended 
in consequence either of actual or of threatened violence. Op- 
erations upon the northern coast were of course undisturbed, 
hut the distribution of labor was somewhat modified during the 
summer of 1861, in consequence of the state of things in the 
vicinity of Chesapeake Bay. 

During the second of the years to which these reports relate, 
the services rendered by the officers of the survey upon the 
coast and rivers of the insurgent states, though not directed so 
entirely as before to the systematic prosecution of the general 
plan of the survey, have been probably of jpore immediate value 
to the government than if they had been so. They have recov- 
ered to the use of our naval expeditions, and of our blockading 
squadrons, the channels and sailing lines which had been lost 
through the careful removal by the insurgents of all the buoys, 
beacons and other artificial indications by which they had been 
distinguished ; they have sounded out new channels among the 
islands occupied by our forces on the southern coast, and in the 
sounds and inlets of the same region; and they have explored 
the changes which had taken place in channels previously known, 
and ascertained their magnitude and extent. In this way they 
have contributed very materially to the security of our navy and 
to the efficiency of the blockade. In some cases they have more 
directly aided in the success of the expeditions with which they 
have been connected, by surveys preliminary to the planning of 
an attack ; as at Fort Jackson, where the positions of the mortar 
vessels and their distances from the fort were determined by 
means of a triangulation carried on directly in sight of the 
enemy; or as, in the interior, they have in many instances 
secured topographical information of the greatest value, by opera- 
tions sometimes conducted immediately under fire. 
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In the mean time, upon all that large portion of the coast 
which the rebellion could not reach or aflfect, the survey has 
steadily advanced without any modification of its plan, though 
with an activity somewhat reduced in consequence of the reduc- 
tion of the appropriations for this work since the commencement 
of the war. This reduction has been considerable when corn^ 
pared with the total of the appropriations themselves — amount- 
ing to from twenty to forty per cent — but in absolute amount it 
is so inconsiderable as to excite a doubt as to the wisdom of the 
policy which has suggested it. It is certain that the coast survey 
IS worth to the country very greatly more than its cost. There can , 
be no sort of doubt that it has already indirectly paid for what 
has been expended upon it, a hundred times over. Nor can 
there be any greater doubt that its value grows with every stride 
of progress it makes toward completion. While, therefore, the 
government is engaged in the prosecution of naval and military 
operations of such magnitude that its average daily expenditore 
exceeds by four or five times the total annual cost of this survey, 
and while the survey has proved itself to be one of the moat 
efficient instrumentalities contributing to the success of thoaa 
operations, the insigniificant saving secured by this curtailment 
would seem, in view of an enlishtened economy, to be of very 
questionable advantage. Indeed had there never been any 8a^ 
vey of the southern coast before the war began, it may safely be 
said that an efficient blockade of the insurgent states could never 
have been maintained at all. 

Leaving these matters, however, to those to whom they belong; 
we will proceed to slate, briefly, the results of the operations of 
the survey up to the year 1862. The area covered by the trian- | 
gulation at that time amounted to upwards of fifty -four thousand ^ 
square miles, within an extent of sixty-two thousand square 
miles embraced by the reconnoissance. The extent of coast 
developed amounted to more than four thousand five hundred 
miles, and the length of shore-line to twenty-three thousand 
miles. The number of geographical points determined amounted 
to nine thousand four hundred and hfty-two. 

Eighty-five stations had been occupied for longitude deter- 
minations, one hundred and twenty-four for latitude, and eighty- 
four for azimuths. The topography embraced an area of seven- 
teen thousand square miles, on a general coast line of four 
thousand miles, and a shore line, measuring the sinuosities, of 
over forty-two thousand miles. 

The hydrography covered an estimated area of forty-six 

thousand miles. One hundred and ninety-six thousand miles had 

been run in sounding, six million three hundred and ninety-eight 

thousand soundings had been made, and more than eight thousand 

fcfur hundred specimens of bottom obtained. 
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manuscript maps and charts, two thousand one hundred 
ighty-one had been constructed ; and of engraved maps 

and sketches, there had been produced four hundred and 
7-three. 

3 triangulation extends from Passamaquoddy Bay on the 
3ast boundary of the United States, to Matanzas inlet on 
ast coast of Florida below St. Augustine, with a single 
uption of about sixty miles on the coast of South Carolina. 

Cape Florida it extends over all the ' line of the Keys to 
'ortugas. It embraces also some portion of the western 
of the peninsula. From St. Marks it is continuous through 
K)rge's Sound ; it embraces Pensacola harbor, the Perdido 
ice, Mobile Bay, Mississippi Sound, Lake Borgne and Lake 
lartrain as far as New Orleans. A branch triangulation 
ds also through Isle au Breton Sound to the mouth of the 
jsippi river. West of the de^ta it covers most of the coast 
uisiana and Texas. 

the Pacific coast, the survey has been less connected; 
; embraces all the principal harbors, headlands and an- 
ges. 

B triangulation is on many portions of the coast considera- 
i advance of the topography and hydrography. This is 
jularly the case in Miiine, in the Gulf of Mexico and on the 
west coast. Upon the Maine and Pacific coasts the work 
ing actively advanced. Energetic reconnoissances have 
)een made in the Gulf, between Mobile and New Orleans, 
the outbreaking of the war. 

e of the most important of the surveys made during the 
1862, was that of the Potomac river from near its mouth 

Georgetown. Connected with this may also be mentioned 
rtant topographical surveys of the country around Wash- 
n. 

e survey of the Florida reefs was also energetically pursued 
g the same period. 

e hydrographic operations of this year of which the results 
probably been most immediately valuable, are those upon 
)ast of North and South Carolina and of Georgia. Hatteras 

Oregon Inlet, the Neuse river to a point above Newbem, 
he Harbor of Beaufort with its entrance, were surveyed or 
veyed so soon as the progress of naval and military opera- 
had opened the way, to the great subsequent advantage of 
ommanders. 

like manner, on the coast of South Carolina, Georgia and 
da, similar operations were carried on after the occupation 
)rt Royal. Stono inlet and river. Folly and Kiawah rivers, 
!forth Edisto river, were resurveyed and sounded out, the 
lels being found in some of them to be entirely chang<^« 

TouB. 8cl^3bcond Series, Vol, XXXVII, No. 109.— Jjoa.^l^fe^ 
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Parts of St. Helena Sound, Port Royal Sound, Calibogue Sound, ^ 
Tvbee Roads, Wassaw Sound, St. Simon's Sound, and the bar 
of Fernandina, were also resurveyed, and the shore lines of many 
of the islands and rivers were traced. All these operations wew 
of essential importance to the success of the national arms upon 
that coast. 

We find in these reports also the usual annual lists of devel- 
opments and discoveries made in the progress of the survey. 
Some of these consist in the detection of rocks and shoals pre- 
viously unknown, lying in frequented waters, and others in 
bringing to light new and more favorable channels by which 
the approaches to harbors are improved or the difficulties of 
navigation diminished. Not less important than these are the 
discoveries of changes produced by the shifting of sands, intro- 
ducing dangers which did not previously exist, and rendering it 
necessary to alter entirely the sailing lines which navigators have 
been accustomed to follow. The total number of these develqj- 
ments embraced in the general list appended to the latest report^ 
amounts to no less than two hundrea and sixteen. Besides the 
direct benefits to commerce and the national prosperity which 
flow naturally from the positive information gathered by the 
coast survey, there are some indirect advantages attending its 
operations, which are especially important to the interests of 
science. Of these we find illustrations in the reports before na^ 
in the contributions embraced in the appendices, on the subjecti 
of longitude, Terrestrial Magnetism, the Solar Spots, and the 
expansibility of metallic bars. The papers on Longitude are by 
Prof. Peirce, and give the results of his computations from the 
observations of the Pleiades for the recent period during which 
the moon's path lay across that group. Some of these observa- 
tions were made both in this country and in Europe, and serve 
to determine the errors of the tables, and thus to give additional 
value to those which were made only in this country. They 
will also serve to fix the relative longitudes of the places of 
observation, to correct the places of the stars, and finally to 
determine the moon's semi-diameter, and **the necessity of hav- 
ing regard to the protuberances of the moon in the complete 
solution of the problem." 

The articles on Magnetism embrace the continuation of the 
discussion of the Girard College observations, and that of the 
magnetic survey of the State of Pennsylvania and portions d 
the adjoining states made by Prof. Bache in 1840 and 1841, and 
of a partial resurvey of the same region nineteen years later by 
Assistant Charles A. Schott. Besides these, there is presented 
the regular biennial publication of results found at twenty-two 
stations occupied by coast survey parties, for the magnetw 
declination, dip and intensity. 
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A very interesting part of the discussion of the Girard College 
observations is that which shows the influence of the moon on 
the magnetic horizontal force. In the lunar day there is a dis- 
tinct magnetic tide having two ebbs and flows. The times of 
maxima are two hours, and of minima seven and a half hours, 
after the culminations. The influence of the relative positions 
of the sun and moon on the horizontal magnetic force, though 
small, is perceptible ; and the same is true of the moon's declina- 
tion changes. When the moon is in perigee, the horizontal 
magnetic force is diminished, when in apogee, it is increased. 

The readers of this Journal are already familiar with many of 
the subjects here named, through the valuable abstracts of them 
presented in former volumes, from the pen of the distinguished 
Dead of the Survey. 

One of the appendices of the report for 1862 contains an 
abstract of the experiments made for determining the amount 
and law of expansion by heat of the standard rod used in base 
measurement, with the results arrived at. These experiments 
were made by Assistant J. E. Hilgard, assisted by Mr, W. L. 
Nicholson, l^he apparatus employed was one of remarkable 
delicacy, constructed by Mr. Jos. Saxton, furnishing results which 
will be examined with great interest. 

In terminating this brief notice we cannot but express the 
hope tha^t the experience of the last two years may have the 
e£Eect to draw the attention of our public men to the importance 
of extending over the entire surface of the country a survey 
having the accuracy of that which has been attended with so 
obvious and great advantages on the coast. One of the most 
aerious of the difficulties which our military commanders have 
had to contend with in the field, has been their extremely imper- 
fect knowledge of the topographical features of the country in 
which they were obliged to operate. Much of the delay and 
uncertainty which have attended our military operations, have 
been owing to the time expended in the endeavor to acquire 
ibis much needed information, and in the doubtful character of 
a great deal of it after it has been presumably obtained. Had 
we, at the beginning of this war, been in possession of a topo- 
graphical survey of the country, like the trigonometrical survey 
of France, or the ordnance survey of Great Britain, it is by no 
means improbable that there might have been already saved, in 
the increased celerity and certainty of our operations, a much 
larger amount to the treasury of the country, than the whole 
survey itself could have cost. This is one of those lessons 
which governments only learn from experience. Let us hope 
that our present costly experience may not have been thrown 
away. 
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Art. XII. — Proceedings of Learned Societies, 

Royal Society Anniversary. — The Presidents Address was delivered hf 
Major General Sabink on Monday, Nov, 6 — (w follows. 

When I had last the honor of addressiDg you at the annivenary 
meeting in 1862, I acquainted you that a communication had been 
received by your President and Council from the Duke of Newcastle, 
her Majesty''s principal Secretary of State for the Colonies, requesting 
the opinion of the Royal Society on the scientific importance of the 
results to be expected from the establishment of a telescope of great 
optical power at Melbourne, in the colony of Victoria, for the observa- 
tion of the nebulas and multiple stars of the Southern Hemisphere. 
The communication was founded on a despatch from Sir Henry Barkly, 
K.C.B., Governor of Victoria, soliciting on his own part and on that of 
the visitors of the Melbourne Observatory, the opinion of the Royal 
Society on this subject, and also on the most suitable construction of 
the telescope, both as to the optical part and the mounting, its probaUe 
cost, and the time required for its completion. It had happened that 
in 18^3 the Royal Society and the British Association had united in an 
earnest representation to her Majesty's Government of the scientific 
impoitance of establishing in some convenient locality in her Majesty's 
dominions, from whence the southern nebulae and multiple stars conld 
be observed, a telescope of the requisite optical power ; and in a prepa- 
ratory correspondence, which was printed at the time, and in which the 
principal pei'sons interested in such researches had participated, the best 
form of telescope, its probable cost, and all particulars relating to it^ 
had been largely discussed. The representation thus concurred in by 
the *two principal scientific bodies of the United Kingdom was not 
successful in securing the desired object ; but the correspondence then 
printed was still fitted to supply in great measure in 1862 the informa- 
tion on which the President and Council could ground their reply. The 
discussion in 1853 had terminated in the appointment of a committee, 
consisting of the Earl of Rosse, Dr. Robinson, and Messrs. Lassell and 
Warren de la Rue^ to superintend the construction of the telescope, in 
the event of the recommendation of the two Societies being favorably 
received. But, as it was possible that the opinions previously entertained 
might have been in some degree modified by subsequent consideration 
or by more recent experience, the correspondence with those gentlemen 
was reopened, and their replies have formed a second correspondence, 
which, like the first, has been printed for the information of those 
Fellows of the Society who take a special interest in the subject. Avail- 
ing themselves of these valuable communications, the President and 
Council replied to the Colonial Office by a report dated December 18, 
1862. They have been since informed that copies of the report and of 
the correspondence have been sent to Melbourne for the information of 
the gentlemen with whom the proposition originated. 

It is quite possible that the thoughtful discussions embodied in tibe 
con*espondence referred to may be found to have a prospective value not 
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id to the occasion which has given rise to thetn. The considera- 
which apply to a telescope for the observation of the southern 
tsB at Melbourne are no less applicable to one which might be estab- 
i on a site from whence a great part of the southern nebulae could 
oe observed (as well as those of our own hemisphere), but enjoying 
nmense advantage conferred by elevation into the higher and less 
i strata of the atmosphere. Such sites are to be found in the Nil- 
at elevations of several thousand feet, combining also convenient 
sibility and proximity to the resources of civilized life. It may be 
1 that at some not distant day the subject will receive the consid- 
m which it deserves from those who are entrusted with the govern- 
of that now integral part of the British empire, 
iving learnt that a series of pendulnm experiments at the principal 
•ns of the Great Russian Arc were in contemplation, I availed 
If of an opportunity of informing M. Savitsch, by whom the opera- 
were to be conducted, that the invariable pendulums which had 
employed in the English experiments were now in the possession of 
loyal Society, and, being unemployed, would, I was persuaded, be 
readily lent by the Society on an application to that effect being 
!. The constants of these instruments, including the coefficient in 
eduction to a vacuum, having been most carefully determined, they 
ready, with the clocks and stands belonging to them, for immediate 
ind would have the further advantage that experiments madevwith 
in Russia would be at once brought into direct connexion with the 
8h series, extending from TQ** 60' N. to 62** 66' S. latitude. The 
nunication was most courteously received and replied to. It ap- 
(d, however, that a detached invariable pendulum had been already 
*cd by the Russian Government from M. Repsold, of Hamburg, 
er than the English pendulums, for convenience in land transport^ 
^ith two knife-edges and two fixed lenses, symmetrically in sizb and 
3, but one light and the other heavy, and so arranged that the timet 
bration should be the same on either knife-edge in air of the same 
erature and density. M. Savitsch expressed his desire to bring this 
Ilium in the first instance to Kew, and to secure thereby the con- 
»n of his own with the English series ; and where also he would 
the opportunity of testing the exactness of the correction for 
ancy by vibrating his pendulum on both its knife-edges in the 
im apparatus which is now established at Kew. 
is much to be desired that a similar series of pendulum experiments 
ose about to be undertaken in Russia should be made at the prin- 
poiuts of the Great Indian Arc ; and the steps which are under- 
i to be in progress in providing new instruments for the verification 
e astronomical and geodesical operations of the Trigonometrical 
3y of India, and to give them a still greater extension, would seem 
esent a most favorable opportunity for the combination of pendulum 
iments. In such case the pendulums of the Royal Society might 
ade available with excellent effect. 

le large size of our printed volumes in the present year gives no 
rorable and, I think, no unfair idea of the present scientific activity 
le Society, lor I believe it may be safely said that our Council has 
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not been less vigilant and cautious than heretofore in the selection of 
the papers to be printed. Although much care has been given to keep- 
ing the expenses of illustration within reasonable bounds, the cost of 
the Society's publications has been this year unusuaUy high ; yet I am 
fflad to be able to state that our whole expenditure within the year has 
rallen within our income. With your permission, I will briefly advert 
to a few of the subjects which have occupied the Society's attention in 
the past year. 

The researches of Kirchhoff and Bunsen have rendered it in a hish 
degree probable that we shall be able to obtain much insight into me 
chemical nature of the atmospheres of the brighter fixed stars by observ" 
ing the dark lines in their spectra, and comparing them with the bright 
lines in their spectra of elementary, and perhaps also of compound 
bodies, in the state of incandescent gas or vapor. The interest of snch 
an inquiry is obvious ; but the difficulties involved in it are very great 
The quantity of light coming from even snch a star as Sirius is so small 
that, without the use of a powerful telescope, the spectrum obtained 
would be too faint to bear sufficient enlargement to show properly the 
fixed lines. The apparent diurnal motion of the stars causes much 
embarrassment, unless the instrument be mounted equatorially, and 
furnished with a clock movement. The control of the experiments on 
incandescent bodies requires a thorough knowledge of chemistry, so ai 
to aw>id being misled by impurities in the substances cxannned, and to 
be prepared to interpret decompositions or combinations which may 
take place under unusual circumstanced, and which may be manifested 
only by their efiects. Nor can the astronomical and physical parts of 
the inquiry be well dissociated, so as to be separately undertaken bj 
different individuals ; for the most elaborate drawings can hardly convey 
^ faithful idea of the various aspects of the different dark and bright 
lines, which yet must be borne in mind in instituting a comparison in 
cases of apparent coincidence. It is fortunate, therefore, that the inquiry 
has been taken up by two gentlemen working in concert. In a short 
paper read to the Society on the 26th of last February, and published 
m the Proceedings^ Mr. Huggins and Dr. Miller have described and 
figured the spectra of three of the brighter stars, and this part of the 
inquiry will doubtless be continued. In a paper since presented to the 
Society, Mr. Huggins describes the means employed for practically 
determining with accuracy the positions of any stellar lines which may 
be observed, with reference to known points of the spectrum, and has ' 
given beautiful maps of the spectra of twenty-four of the elementaiy 
bodies under the action of the inductive discharge, reserving others for 
a future communication. When the inquiry is completed, it is possible 
that we may obtain an amount of knowledge respecting the constitution 
of those distant heavenly bodies of which we have at present little con- 
ception. 

Professor Tyndall has given us the fourth of a series of papers upon 
the relations of gases and vapors to radiant heat. In the course of 
these inquiries he has shown that the different aeriform bodies, even 
though colorless, exert very different degrees of absorptive action on the 
rays of heat ; and that certain portions of these heat-rays are more 
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powerfnllj absorbed than others, rays from objects at a low teroperatare 
being more easily absorbed than those from objects at an elevated tem- 
perature. He has also proved that gases radiate as well as absorb ; and, 
m conformity with what is known in the case of solids, that in gaseons 
media also there is equality in the powers of radiation and absorption. 
Bodies which exert an absorbent effect in the liquid form preperve it in 
the gaseous state. If further experiments should confirm Mr. Tyndall's 
views upon the absorptive action of aqueous vapor upon radiant heat of 
low intensity, these results must materially modify some of the views 
hitherto held upon the meteorological relations of aqueous vapor. 

The Bakerian Lecture, by Mr. Sorby, is entitled by him 'On the 
Direct Correlation of Mechanical and Chemical Forces.' In this paper 
are embodied a series of observations upon the influence of pressure 
upon the solubility of salts, in which he has obtained results analogous 
to the change in the freezing point of liquids under pressure. He finds 
in cases where, as is usual, the volume of the water and the salt is Uss 
than the volume of the water and the salt separately, that the solubility 
ii increased by pressure ; but that, in cases where, as when salammoniac 
is dissolved in water, the bulk of the solution is greater than that of the 
water and salt taken separately, the solubility is lessened by a small but 
measurable amount. On the contrary, salts which expand in crystalli- 
zing from solution must, under pressure, overcome mechanical resistance 
in that change ; and, as this resistance is opposed to the force of crys- 
tallization, the salt is rendered more soluble. The extent of the influ- 
ence of pressure, and the mechanical value of the force of crystalline 
polarity, were found to vary in different salts. Mr. Sorby also indicates 
the results of the action of salts upon certain carbonates under pressure, 
i&d purposes pursuing his researches upon chemical action under pres- 
wre. This paper may, therefore, be regarded as forming the firat of a 
series upon a highly interesting and important branch of investigation, 
for which Mr. Sorby appears to be specially fitted, by combining the 
needful geological knowledge with the skill in manipulation required in 
the physical and chemical part of the inquiry. 

The examination of the bright lines in the spectra of electric dis-. 
eharffes passing through various gases, and between electrodes of various 
metais, has of late years attracted very general attention. Each ele- 
mentary gas and each metal show certain well-marked characteristic 
lines, from the presence or absence of which it is commonly assumed 
that the presence or absence of the element in question may be 
inferred. But the question may fairly be asked, Has it been established 
that these lines depend so absolutely on chemical character that none 
af them can be common to two or more different bodies ? Has it been 
ascertained that, while the chemical nature of the bodies remains un- 
changed, the lines never vary if the circumstances of mass, density, <fec^ 
are changed ? What evidence have we that spectra are superposed, so 
that we observe the full sum of the spectra which the electrodes and 
the medium would produce separately ? 

To examine these and similar questions in the only unimpeachable 
way, that of actual experiment, formed the object of a long and labori- 
ous research by Dr. Robinson, the results of which are contained in a 
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paper in out Transactions. In the course of this research, Dr. Robinson 
had occasion to take careful measures of the positions of all the bright 
lines visible (and not too weak to measure) in a great number of spectra, 
those, namely, of the induction discharge passing between electrodes of 
. twenty different metals, as well as graphite, most of which were observed 
in each of five different gases (including air), and for each gas separately 
at the atmospheric pressure, and at the low pressure obtained by a good 
air-pump. 

On taking an impartial survey of this great assemblage of experi- 
mental facts, Dr. Robinson inclines to the opinion that the origin of the 
lines is to be referred to some yet undiscovered relation between matter 
in general and the transfer of electric action ; and that, while the places 
of the lines are thus determined independently of particular circum- 
stances, the brightness of the lines is modified, according to the special 
properties of the molecules which are present, through a range from 
great intensity down to a faintness which may elude our most powerM 
means of observation. 

By a discussion of the results of the magnetic observations main- 
tained for several years past at the Eew Observatory with an accuracy 
previously unattained, and by combining these with the earlier results 
of the observations at the Biitish colonial observatories, I have heen 
enabled to trace and, as I believe, satisfactorily to establish the existence 
of an annual variation in the three elements of the earth's magnetism^ 
wbich has every appearance of being dependent upon the earth's posi- 
tion in her orbit relatively to the sun. Substantiated by the concurrent 
testimony of observations in both hemispheres, and in parts of the globe 
most widely distant from each other, this conclusion furnishes an addi- 
tional evidence of a cosmical magnetic relation subsisting between the 
earth and other bodies of the solar system, and thus extends the scope 
and widens the basis of sound induction upon which the permanent 
relations of magnet ical science must rest. 

To Dr. Otto Torrell, Professor of Zoology in the University of Lund, 
we are indebted for a communication of much interest, informing us of 
»the progress made by an expedition, appointed by the Swedish Govern- 
ment at the recommendation of the Royal Academy of Sciences at 
Stockholm, to execute a survey preliminary to the measurement of an 
arc of the meridian at Spitzbergen. The objects of the preliminary 
survey were to ascertain whether suitable angular points for a trianga- 
lation could be found from Ross Island at the extreme north, to Hope 
Island at the extreme south of Spitzbergen, and to determine on a 
favorable locality for the measurement of a base line. The result of the 
first years' exploration has been the selection of stations, on hills of 
moderate height and easy access from the coast, for nine triangles, 
shown in the sketch accompanying Dr. Torrell's paper, including Rosa 
Island in the extreme north and extending over about 1° 50' of the 
proposed arc of 4^ degrees. A convenient locality has also been found 
for the base-line. The continuation of the preliminary survey to the 
extreme southern limit is to be the work of the summer of 1864. The 
report of the geodesical surveyors has shown that the northern portion 
presents no impediments which may not be surmounted by courage and 
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)erseverance ; and, with regard to the southem portion, the knowledge 
ilready acquired is considered to justify the expectation that the result 
df the second year's exploration will be no less favorable. Should such 
be the case, it is anticipated that the necessary steps will be taken for 
carrying into execution the measurement of the arc itself. 

I may, perhaps, be permitted to allude for a moment to the peculiar 
interest with which I must naturally regard the proposed undertaking. 
The measurement of an arc of the meridian at Spitzbergen is an enter- 
prise which, nearly forty years ago, was a cherished project of my own, 
which I had planned the means of executing, and which I ardently 
desired to be permitted to carry out personally. I may well therefore 
feel a peculiar pleasure in now seeing it renewed under what I regard as 
yet more promising auspices : — whilst I cannot but be sensible of how 
little I could have anticipated that I should have had the opportunity, 
it this distance of time, and from this honorable chair, of congratulating 
he Swedish Government and Academy upon their undertaking, and 
)f thanking Dr. Torell for having traced its origination to my early 
proposition. 

It is well remarked by Dr. Torell, that the triangulation, should it be 
proceeded with, will not be the only result of the years of scientific 
labor at Spitzbeigen. There are, indeed, many important investigations 
for which the geographical circumstances would be eminently favorable. 
Two such may be specified, for which we may reasonably anticipate, 
that full opportunity would be afforded, and for which the requisite 
instniments of precision are neither costly nor cumbersome. One is a 
more exact determination of the data on which our tables of astronomi- 
cal refraction are founded. The other is the employment of Cagnoli's 
method for determining the figure of the earth by occultations of the 
fixed stars.^ This last would be tried under circumstances far more 
favorable than those contemplated by its original proposer — by reason 
of the high latitude of the northern observer — the greater number of 
stars in the moon^s path, now included in our catalogues, of which a 
special ephemeris might be made — and the jnuch greater amount of 
concerted corresponding observations which might now be secured. 
The advantage peculiar to this mode of determination is, that it is ex- 
empt from the influence of local irregularities in the direction and force 
of gravity which embarrass the results of the measurements of degrees 
and of pendulum experiments. As a third and thoroughly distinct 
method of investigation, it seems at least well deserving of a trial. 

Swedish naturalists are not likely to undervalue the interest attaching 
to careful examinations of the constancy or variation of the elevation 
of land above the sea-level ; and I may therefore venture to refer them 
to a paper in the Phil. Trans, for 1824 (Art. xvi), written from Spitz- 
bergen itself in July, 1823, containing the particulars of a barometrical 
and trigonometrical determination of the height (approximately 1644 
English feet) of the well-defined summit of a conspicuous hill in the 

* Antonio Cagnoli, " Nuovo e sicuro Mezzo per riconoscere la Figura della Terra." 
Sfetnorie della Societa Italiana, Verona, vol. vi, 1792. An English translation, 
with notes and an appendix, was printed for private circulation in 1819 by Mr. 
Francis Bally. 
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vicinity of Fairhaven. The barometrical comparison was repeated on 
several days, the barometer on the summit of the hill being stationary, 
and the observation of the two barometers strictly simultaneous, the 
stations being visible from each other by a telescope. The height as 
given by the two methods, barometrical and trigonometrical, was in 
excellent accord. The hill may be identified with certainty by the plan 
which accompanies the paper referred to : it is of easy access, and may | 
be remeasured with little difficulty. J 

It will be remembered that a few years ago the attention of the Royal ! 
Society was called by the Foreign Office to the circumstance of several [ 
glass bottles with closed necks having been found on the shores of the 
west coast of Nova Zembla, leading to a conjecture that they might afford 
some clue to the discovery of the missing ships of Sir John Franklin^ 
expedition. The inquiries instituted by the Royal Society traced the 
bottles in question to a recent manufacture in Norway, where they are 
used as floats to the fishing-nets employed on that coast. These floati^ J 
accidentally separated from the nets, had been carried by the 8t^eam-ca^ J 
rent which sets along the Norwegian coast round the the North Cape, I 
and thus afforded evidence of the prolongation of the current of Non 
Zembla. The Swedish expedition in the course of its summer exploretioB 
found on the northern coast of Spitzbergen several more of these bottle- 
fioats, some of which even bore Norwegian marks and names, supplying 
«6vidence, of considerable geographical interest, of the extension of ttie 
Norwegian stream-current to Spitzbergen, either by a circuitous coiine - 
past the shores of Nova Zembla, or by a more direct offshoot of whidi 
no previous knowledge existed. It is thus that step by step we imprare 
our knowledge of the currents which convey the waters of the more 
temperate regions to the Polar seas, and produce effects which are trace- 
able in many departments of physical geography. 

The application of gun-cotton to warlike purposes and engineering 
operations, and the recent improvements in its manufacture, have been 
the subject of a report prepared by a joint committee of the chemical and 
mechanical sections of the British Association, consisting chiefly of Fel- 
lows of the Royal Society. The report was presented at the meeting in 
Newcastle in September last, and is now in the press. The committee 
had the advantage of personal communication with General von Look, 
of the Imperial Austrian artillery, the inventor of the system of prepara- 
tion and adaptation by which^ gun-cotton has been made practically 
available for warlike purposes id the Austrian service. On the invitation 
of the Committee, and with the very liberal permission of the Emperor of 
Austria, General von Lenk visited England for the purpose of thoroughlj 
explaining his system ; and we have in the report of the Committee the 
information, thus gained directly from the fountain-head, of the results of 
his experience in the course of trials extending over many years ; together 
with additional investigations by individual membei*s of the Committee. 

The advantages which are claimed for gun-cotton over gun-powder for 

ordnance purposes and mining operations are so many and so important 

as to call imperatively for the fullest investigation. Such an inquiry, 

however, in its complete sense, is both beyond and beside the scope and 

purposes of a purely scientific body •, and the British Association have 
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done well — whilst reappointing the Committee to complete certain exper- 
iments which they had devised, with the view of clearing up some scien- 
tific points which are still more or less obscure — in pressing on the 
attention of her Majesty's Government the expediency of instituting 
under its own auspices a full and searching inquiry into the possible 
applications of gun-cotton in the public service. 

The absence of smoke, and the entire freedom from the fouling of the 
gun, are points of great moment in promoting the rapidity of fire 
and the accuracy of aim of guns employed in casemates or in the between- 
decks of ships of war ; to these we must add the innocuous character of 
the products of combustion in comparison with those of gun-powder, and 
the far inferior heat imparted to the gun itself by repeated and rapid 
discharges. With equal projectile effects, the weight of the charge of 
gun-cotton is but one-third of that of gun-powder : the recoil is stated 
to be reduced in the proportion of 2 to 3, and the length of the gun itself 
to admit of a diminution of nearly one-third. These conclusions are 
based on the evidence of long and apparently very carefully conducted 
conrses of experiment in the imperial factory in the neighborhood of 
Yienna. The results appear to be especially deserving the attention of 
those who are engaged in the important problems of facilitating the 
employment of guns of large calibre and of great projectile force in the 
broadsides of our line-of- battle ships, and in reducing, as far as may be 
possible, the dimensions of the ports. 

In the varied applications of explosive force in military or civil engin* 
eering, the details of many experiments which bear on this branch of the 
inquiry are stated in the report of the committee, and appear to be highly 
worthy of consideration and of further experiment. 

It cannot be said that the advantages now claimexi for gun-cotton are 
alt(^ether a novel subject of discussion in this country. When the 
material was first introduced, by Schonbein in 1846, its distinctive quali- 
ties in comparison with gunpowder were recognized, although at that 
period they were far less well ascertained by experiment than they are at 
present To the employment of gun-cotton as then known there was, 
lowever, a fatal drawback in its liability to spontaneous combustion. 
The elaborate experiments of General von Lenk have shown that this 
liability was due to imperfection in its preparation, and ceases altogether 
when suitable processes are adopted in its manufacture. Perfect gun- 
cotton is a definite chemical compound ; and certain processes for the 
removal of all extraneous matter and of every trace of free acid are 
absolutely indispensable. But, when thus prepared, it appears to be no 
longer liable to spontaneous combustion : it can be transported from 
place to place with perfect security, or be stored for any length of time 
without danger of deterioration. It is not impaired by damp ; and may 
be submerged without injury, its original qualities returning unchanged 
on its being dried in the open air and in ordinary temperatures. 

A scarcely less important point towards the utilization of gun-cotton, 
and the safety with which it may be employed in gunnery, is the power 
of modifying and regulating its explosive energy at pleasure, by means 
of variations in the mechanical structure of the cartridge, and in the 
relative size of the chamber in which it is fired. 
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The experiments made by the Austrian Artillery Commimion, as will 
as those for blasting and mining, were conducted on a very large scale; 
with small arms the trials appear to have been comparatively few. 

There can be no hesitation in assenting to and accepting the eonclodiBg 
sentence of th« Committee's report. * The subject has neither chemically 
nor mechanically received that thorough investigation that it deserves. 
There remain many exact measures still to be made, and many important 
data to be obtained. The phenomena attending the explosion of both 
gun-cotton and gunpowder have to be investigated, both as to the tem- 
peratures generated in the act of explosion, and the nature of the oom- 
pounds which result from them, under circumstances strictly analogois 
to those which occur in artillery practice.' 

I proceed to announce the awards which the Council has made of tin 
Medals in the present year ; and to state the grounds upon which these 
awards have been made. 

The Copley Medal has been awarded to the Rev. Adam Sedgwick, fer 
his observations and discoveries in the Geology of the Paleozoic Series 
of Rocks, and more especially for his determination of the characters of 
the Devonian System, by observations of the order and superpoaition of 
the Killas Rocks and their Fossils in Devonshire. 

Mr. Sedgwick was appointed Woodwardian Professor of Geology in 
the University of Cambridge in the year 18 Id, since which time, up tot 
recent period, comprising an interval of upwards of forty years, he lui 
devoted himself to geological researches with an ability, a persistent aesl, 
and untiring perseverance, which place him amongst the foremost of thou 
eminent men by whose genius, sagacity and labors the science of geokgj 
has attained its present high position. To duly appreciate his earliv 
work as a geological observer and reasoner, we must recall to recollectioa 
the comparative ignorance which prevailed forty or fifty years ago, to 
the dispersion of which his labors have so largely contributed. GedogT \ 
was then beset by wild and untenable speculations on the one haira, 
whilst on the other even its most calm and rational theories were receired i 
by many with distrust or with ridicule, and by others with aversion, M 
likely to interfere with those convictions on which the best hopes of man 
repose. 

Under such circumstances geology needed the support and open ad- 
vocacy of men who, by their intellect and acquirements, and by the r^ 
epect attached to their individual characters, their profession, or sodsl 
position, might be able on the one hand to repress wild fancies, and on 
the other to rebut the unfounded assertions of those who opposed the 
discussion of scientific truth. Such a man was Professor Sedgwick, and 
such was the influence he exerted. It may be well to make this allusion 
on an occasion like the present, because it often happens, not unnaturally, 
that those who are most occupied with the questions of the day in an 
advancing science retain but an imperfect recollection of the obligations 
due to those who laid the first foundatione of our subsequent knowledge. 

More than forty years have passed since Professor Sedgwick begaa 
those researches among the older rocks of England which it became the 
main purpose of his life to complete. In 1622 was begun that full and 
accurate survey of the Magnesian Limestone of the North of England 
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which to this day holds its high place in the estimation of geologists as 
the fouDdation of our knowledge of this important class of deposits, 
whether we regard their origin, form of deposition, peculiarities of struc- 
ture, or organic contenUi. 

Conteraporaneously with this excellent work, he examined the whin 
till of Upper Teesdale, showed its claims to be treated as a rock of fusion, 
•nd discussed the perplexed question of its origin. 

Advancing to one of the great problems which occupied his thoughts 
for many years, be combined in 1831 the observations of the older rocks 
of the Lake mountains which he had commenced in 1822, and added a 
ipecial memoir on the great dislocations by which they are sharply de- 
fined and separated from the Pennine chain of Yorkshire. Memoirs fol* 
lowed in quick succession on the New Red Sandstone of the Vale of Eden ; 
on the stratified and unstratified rocks of the Cumbrian Mountains, and 
on the limestone and granite veins near Shap. Thus, thirty years since, 
before the names of Cambrian and Silurian \iiere ever heard, under which 
we now thankfully class the strata of the English Lakes, those rocks had 
been vigorously assailed and brought into a lucid order and system, 
which is to this day unchanged ; though by the same hands which laid 
the foundations many important additions have been made, one of signal 
value in 1851 — the lower Paleozoic rocks at the base of the Carbon- 
iferous chain between Ravenstondale and Ribblesdale. Perhaps no dis- 
trict in the world affords an example of one man's researches begun so 
early, continued so long, and ending so successfully. By these persever- 
rag efforts, the geology of the lake district came out into the light ; and 
tliere is no doubt, and can be no hesitation in ascribing to them the undi- 
vided honor of the first nn rolling of the long series of deposits which 
constitute the oldest groups of British fossiliferous rocks. 

Still more complete, however, was the success of that work which 
was undertaken immediatelv afterwards on the coeval rocks of Wales ; 
by which Professor Sedgwick and Sir Roderick Murchison, toiling in sep- 
arate districts, unravelled the intricate relations of those ancient roclra, 
and determined the main features of the successive groups of ancient life 
which they enclose. These labors began in 1831-82, and in 1835 the 
two great explorers had advanced so far in their research as to present a 
united memoir to the British Association in Dublin, showing the progress 
each had made in the establishment of the Cambrian and Silurian sys- 
tems, as they were then called ; Professor Sedgwick taking the former, 
and Sir Roderick Murchison the latter for his special field of study. 

In 1843 Professor Sedgwick produced two memoirs on the structure of 
what he then termed the Protozoic rocks of North Wales. Many excel- 
lent sections were given in detail in these memoirs ; those exhibiting 
the structure of the western part of the district about Carnarvonshire be- 
ing principally taken from his observations in 1831-32, while the more 
detailed sections of the eastern part were from those of 1842-48. 
These two papers gave the complete outline or framework, as it were, of 
the geological structure of this intricate region. In several subsequent 
years he continued to fill up this outline with further details, observed al- 
most entirely by himself^ giving numerous general and local sections, by 
which he determined the dip and strike of Uie beds, normal and abnor- 
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mal, and all the great anticlinal and sinclinal lines on which the funda^ 
mental framework depends. 

Further and sliil minuter details were subsequently given, as was to 
be expected, by the government surveyors ; but the general arrangement, 
finally recognised on the mnp of the survey, is essentially the same as 
that previously worked out by his unaided labors. 

It was a principle always advocated by Professor Sedgwick, that the 
geological structure of a complicated district could never be accurately 
determined by fossils alone without a detailed examination of its stratifi- 
cation. He always proceeded on this principle ; nor (from the paucity ol 
organic remains) would it have been possible on any other principle to 
have determined the real geological character of those ol<ier districts 
which he investigated so successfully. His arrangement and nomencla- 
ture of the Cambrian rocks in North Wales (the Lower Silurians of Sir 
Roderick Murchisou) are given in his ' Synopsis of the Classification of * 
the British Paleozoic Rocks,' 1855. It possesses the weight which must 
always be recognised as appertaining to the authority of the geologist 
who, by his own labors, first solved the great problem of the physical 
structure of the district 

There are other important memoirs of Professor Sedgwick's of which 
time forbids more than a very passing notice. The memoir *0n the 
Structure of large Mineral Masses,' published in 1831, was the first, and 
remains to this day the best descriptive paper which has yet appeared on 
joints, planes of cleavage, nodular concretions, <fec. 

Always attentive to the purpose of preparing a complete and general 
classification of the Paleozoic strata, Professor Sedgwick at an early pe- 
riod in his career printed a memoir ' On the Physical Structure of the 
Older Strata of Devon and Cornwall ;' and another * On the Physical 
Structure of the Serpentine District of the Lizard.' Of later date are 
several papers written by him, conjointly with Sir Roderick Murchison, 
respecting the Devonian system. The principal of these, published in 
1840, comprised the work of several previous j-eai-s, and made known 
the true nature of the Culm Beds of North Devon, as belonging to the 
Carboniferous series, and their position in a trough of the subjacent rocks, 
which rocks, on account of their position and their organic contents, 
were concluded to belong to the Devonian, or Old Red Sandstone period, 
a conclusion which was at first controverted, but was ultimately admitted. 
In another memoir by the same authors in 1828, they conclude that the 
coai-se old red conglomerate along the north-western coast of Scotland 
and in Caithness is of about the same aore as the Old Red Sandstone of 
South Wales and Herefordshire, and therefore of the Devonian period. 
They also published in 1840 an account of their general observations on 
the Paleozoic formations of Belgium and the banks of the Rhine, the 
results of which were considered to harmonize with those derived from 
other localities. Finally, we may notice another joint memoir by these 
authors in 1830. 'On the Structure of the Eastern Alps,' which, however, 
had no immediate relation to the researches on the Paleozoic formations. 

It will be observed that the memoirs which have been noticed are for 
the most part pervaded by a certain unity of purpose. The investiga- 
tions were not on points of merely local interest, but were essential for 
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the elucidation of the geological history of our planet during those early 
periods of which the records are most diflScult to unfold. Few persons, 
perhaps, can have an adequate idea of the difficulties he had to contend 
with when he first entered North Wales as a geologist. Geologically 
speaking, it was a terra incognita of which he undertook to read the 
flfeological history before any one had deciphered the characters in which 
it is written. Moreover, besides the indistinctmiss and complexity of the 
stratification, and the obscurity which then prevailed as to the distinction 
between planes of stratification and planes of cleavage, there was also the 
difficulty of what may be called * mountain geometry' — that geometry by 
which we unite in imagination lines and surfaces observed in one part of 
a complicated mountain or district with those in another, so as to form 
a distinct geometrical conception of the arrangement of the intervening 
masses. This is not an ordinary power ; but Mr. Sedgwick's early math- 
ematical education was favorable to the cultivation of it. We think it 
extremely doubtful whether any other British geologist forty years ago 
could have undertaken, with a fair chance of success, the great and diffi- 
cult work which he accomplished. 

Such are the direct and legitimate claims of Professor Sedgwick to 
the honor conferred upon him by the award of the Copley Medal. But 
there are also other claims, less direct, but which it would be wrong to 
pass altogether unnoticed. It is not only by written documents that 
imowledge and a taste for its acquirement are disseminated ; and those 
who have had the good fortune to attend Professor Sedgwick's lectures, 
or may have enjoyed social intercourse with him, will testify to the 
charm and interest he frequently gives to geology by the happy mixture 
of playful elucidation of the subject with the graver and eloquent expo^ 
8ition of its higher principles and objects." 

The Copley Medal was then presented with the following address : — 

** Professor Sedgwick, — Accept this medal, the highest honor which 
it is in the power of the Royal Society to confer, in testimony of our 
appreciation of the importance of the researches which have occupied so 
large a portion of your life, and which have placed you in the foremost 
rank of those eminent men by whose genius and labors geology has at- 
tained its present high position in our country." 

The Council has awarded a royal medal to the Rev. Miles Joseph 
Berkeley for his researches in Cryptogamic Botany, especially Mycology. 

Mr. Berkeley's labors as a cryptogamic botanist for upwards of 
thirty-five years, during which they have been more especially devoted to 
that extensive and most difficult order of plants the fungi, have rendered 
him, in the opinion of the botanical members of the Council, by far the 
most eminent living author in that department. These labors have con- 
sisted in large measure of the most arduous and delicate microscopic in- 
vestigation. Besides papers in various journals on fungi from all parts 
of the globe, and in particular an early and admirable memoir on British 
fungi, the volume entitled * Introduction to Cryptogamic Botany,' pub- 
lished in 1857, is one which especially deserves to be noticed here. It is 
a work which he alone was qualified to write. It is full of sagacious re- 
marks and reasoning; and particular praise is due to the special and con- 
scientious care bestowed on the verification of evei*y part, however minute 
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and difficult, upon which its broad generalizations are founded. Mr. 
Berkeley's merits are not confined to description or classification ; there 
are facts of the highest significance which he has been the first to hidi* 
cate, and which in many cases he has also proved by observation and by 
experiments. We refer to his observations on the development of the 
reproductive bodies of the three orders of Thallogens (Algse, Lichem^ 
and Fungi), and on the conversion under peculiar conditions of certain 
forms of their fruit into others ; to the exact determination of the rela- 
tions, and sometimes of the absolute specific identity of various forms of 
fungi previously referred to different tribes ; and to the recognition, in 
many species and genera, of a diversity of methods of reproduction in 
giving origin to parallel series of forms. As intimately conifected with 
the life-history of fungi, the intricate subject of vegetable pathology has 
been greatly elucidated by him ; and he is, indeed, the one British antho^ 
ity in this department. His intimate acquaintance with vegetable tissoes, 
and with the effects of external agents — such as climate, soil, exposure, 
dec* — has enabled him to refer many maladies to their source, and to pro- 
pose methods, which in some cases have proved successful, of averting, 
checking, and even curing diseases in some of our most valuable crops. 
In this line of research he has also demonstrated, on the due hand, that 
many so-called epiphytal and parasitic fungi are nothing but morbid con- 
ditions of the tissues of the plant ; on the other hand, that microscopic 
fungi lurk and produce the most disastrous results where their presenoe 
had been least suspected. 

Addressing the Rev. M. Berkeley, the President said : — 

** Mr. Berkelet, — I present you with this medal in testimony of the 
high opinion which the botanical members of the Council of the Royal 
Society entertain of your researches in cryptogamic botany, especially my- 
cology, which, in their judgment, entitle you to be regarded as the moAi 
eminent living author in that department of science." 

The Council has awarded a royal medal to John Peter Gassiot, Esq., 
for his researches on the Voltaic Batterv and Current, and on the Dis- 
charge of Electricity through Attenuated Media. These contributions, 
most of which are recorded in our Transactions^ are of high value, and 
in some respects peculiar. Their experimental part has been conducted 
on a scale of magnitude and power unmatched since the days of Davy 
and of Children, with apparatus of the highest perfection, and with con- 
summate dexterity and skill ; and the discussion and interpretation of 
the facts observed are characterized by sound theory and sober judgment 
It would trespass too much on your time were I to give a detailed ac- 
count of them, and I shall only select a few which are examples of what 
Bacon has called ^ Instantiee Crucis' — such as, when the mind is unde- 
cided between several paths, point out the true one. 

1. The first decides a question which was long debated with great 
vehemence, whether the energy of the voltaic battery arises from the 
contact of its metals, or from chemical action. The first of these opin- 
ions was mainly supported by the fact that, when two dissimilar metals 
are made to touch, they show signs of opposite electricities when separa- 
ted. Mr. Gassiot showed in 1844 that the same occurs when the metals 
are separated by a thin stratum of air without having been in previous 
contact 
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8. The identity of voltaio with frictional electricity wat denied by 
many, because it gare no spark through an interval of air. Dayy had, 
indeed, asserted the contrary in his * Elements of Chemical Philosophy ;' 
bot his statement seems to have been doubted or unheeded. Mr. Gassiot, 
in the Trantactiont for 1844, has put the fact beyond dispute ; he showed 
that, by increasing the number of cells and carefully insulating them, 
iparka can be obtained even with the feeblest elements. With 3520 cells, 
lino and copper excited with rain-water, he obtained sparks in rapid sue- 
MisioQ through ^^^th of an inch ; and a little later added to this a fact 
of still higher significance, that, by exalting the chemical action in the 
eells, the same or even greater eflfect could be produced by a much 
imaller aeries. The battery of 500 Grovels cells, which was constructed 
for these expeyments, is probably in some respects, the most powerful 
that'waa ever made. 

3. The currents produced by electric or magnetic induction are of 
die highest interest, and the employment of them as a, source of electrio 
power, is almost daily enriching physical science with precious resulti* 
in this new field Mr. Gassiot has been one of the most successful explorers^ 
8o early as 1830 he showed that the induction -current gives a real sparky 
and he found that in the flame of a spirit-lamp it could strike at a die* 
tanee of f ths of an inch. 

4, The splendid phenomena produced by the discharge of the inr 
doction-oarrent through rarefied gases or vapors are well known ; in par* 
tioalar the stratification of the light. The cause of this is not yet fully 
anderstood, but Mr. Gassiot has made some very important additions to 
oar knowledge of it in the Bakerian Leotnre for 1858, and his subsequent 
oommnnioations to the Society. Among these may be named his explan- 
•tion of the occasionally reversed curvature of the strata, and his discov* 
fiy of the reciprocating discharge, which, seeming single, is composed of 
tiro opposite in direction, but detected by the different action of a mag* 
Mt on eaoh of them — a beautiful test, which is of wide application in 
neh researchea. Again, the Torricellian vacuum which he used at firsti 
even when absolutely free from air, contains mercurial vapor : . by apply* 
log to his tubea a potent freezing mixture he found that as this vapor 
eoodensed the strata vanished, the light and transmission of electricity 
deereaaedj t^U at a very low temperature both ceased entirely. It follows 
from this that a perfect vacuum does not conduct — a fact of cosmical im- 
portance, which had been surmised before, but not proved ; and the de- 
sire of verifying this discovery led him to a means of far higher rarefac- 
tion. A tube containing a piece of fused hydrate of potassa is filled with 
dry carbonic acid, exhausted to the limit of the air-pump^s power, and 
sealed ; then, by heating the potassa, the residual carbonic acid is mostly, 
or even totally, absorbed. Vessels so exhausted, though still containing 
vapor of potassa, and, perhaps, of water, have a better vacuum than had 
been previously obtained, and often cease to conduct till a little of the 
alkali is vaporized by heating them, and the gradual progress of the ex- 
haustion gives a wide range of observation. 

5. The current of an induction machine is necessarily intermittent, 
and it has been supposed that the strata are in some way caused by the 
intermittenoe, and are possibly connected with the mode of action of the 
Am. Joub. Sol— Second SEBisa, Yoh, XXXVII, No. 109.--Jas.^ 1^1^. 
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contact-breaker. Mr. GaMiot has, however, shown that they are pe^ 
fectly developed in the discharge of an extended voltaic battery through 
exhausted tubes. The large water-battery already mentioned shows them 
in great beauty ; the disijharge, however, is still intermittent. 

6. The same appearance is exhibited by a Grove's battery of 400 
well-insulated cells ; but in tliiii case a new and remarkable phenomenon 
presents itself. At first the discharge resembles that obtained from the 
water- battery, and is, like it, intermittent; but, iuddenltf, it changes its 
character frum intermittent to continuous (so far, at least, as can be de- 
cided by a rev(»lving mirror), and everything indicates that we have now 
the true voltaic arc Tbe discharge is now of dazzling brilliancy, and ii j 
stratified oh before^ whence it appears that strata are capable of being 
pro<luced by the true arc discharge. 9 

7. Til is change is accompanied by a remarkable alteration in tbe 
heating of the two electrodes. Mr. Gassiot had previously shown that, in 
the ordinary voltaic arc, formed in the air of the usual pressure, the jmm- 
itive electrode is that which is the more heated, whilst in the discharge 
of an induction mHcliin<^, whether sent through air at the ordinary pr«i* 
8ure between electrodes of thin wire, or through an exhausted tube, it ii 
the negative. The discharge through the large Grove's battery, so long 
as it was intermittent, agreed with the induction discharge in this chah 
acter as in others, that the negative electrode was that which becaiiM 
heated ; but, when the discharge suddenly and spontaneously passed from 
the intermittent to continuous, the previously heated negative ele^roda 
became cool, and the positive was intensely heated. 

These brief references will suffice to show what a high place Mr. 
Gassiot holds amongst those who are investigating this new track, wbidi 
promises such great advance in our knowledge of those molecular forces 
in the study of which all physical science must ultimately centre. I may 
be permitted to add, that in his whole career he has sought not his own 
fame, but the advancement of science; he has rejoiced as much in the 
discoveries of others as in his own, and aided them by every appliance ia 
his power. I cannot refrain from mentioning a recent instance in which 
this liberal and unselfish spirit has been strikingly exhibited. He bss 
had executed a grand spectroscope, furnished with no less than nine 
faultless prisms, a design in which he has been ably seconded by the skill 
of the optician Mr. Browning, to whom the construction was entrusted. 
This magnificent instrument he has placed at the disposal of any Fellow 
of the Society who may happen to be ei^aged in researches requiring 
the use of such powerful apparatus. The instrument is at present at tbe 
Kew Observatory, where it is in contemplation to uudertake the construo- 
tion of a highly elaborate map of the spectrum. 

Mr. Gassiot is still pursuing his electrical researches, and we may be 
assured that he will feel this acknowledgment of liis labors by the Royal 
Society not merely as a recompense for that he has accomplished, but ai 
an obligation to continued exertion and new discoveries." 

The medal was then handed to Mr. Gassiot, with the following re- 
marks : — 

'^ Mr. Gassiot, — You will receive this medal as a mark of the deq> 
iatereat which the Royal Society takes in the investigations in which yoa 
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■re engnged, and of the high vaIuo which it attaches to the results with 
which jou have already enriched our tranfiactions. 

These are the grounds on which the medal has been awarded to you 
by the Council ; but it may be permitted to me to express the hope that 
you will also associate with it — as it is impossibie that we should not do — 
the SiicietyV recognition of the generouH and kindly spirit wliith has 
manifested itself, as elsewhere, so also in all your pursuit of science, of 
vhich one memorial amongst others will remain in future times connected 
with the Society — in the establishment of the Scientific Relief Fund." — 
Tke Reader, Dec. 5, 1863. 



SCIENTIFIC INTELLIGENCE. 

I. PHYSICS. 

1. Electrical proper tieM of Pyroxi line-paper and O an cotton, — Prof. 
John Johnston, of Wesleyan University, Ct., has called my attention to 
a remarkable power in pyroxi line-pa per of producing positive electrical 
excitement in sulphur, sealing wax, <&c. Hii note is as follows: 

Wesleyan Univemity, MiHdIetown, Dec 24, 1 863. 

Prof. SiLUMAN — Dear Sir: — We are told by writers on electricity that sul- 

ear by friction with all other substances becomes negatively excited ; as cat's 
r,on the other extreme, by friction with all other subs^nces becomes excited 
puiHvely. But a few days ago I made the discovery that sulphur by friction 
with paper pyroxiline (I will call it) is excited with positive electricity, as are 
llso sealing wax, amber, dz.c. The paper is prepared in the same manner as 
|nn-cotton, which would also in all probability be found to possess tlie same 
property. 

Inclosed please find some of the paper for trial. It was prepared by my 
ion, M. M. Johnston. 

Perhaps you will think the matter of sufficient importance to make a note of 
it in the Journal of Science. Respectfully yours, 

John Johnston. 

I have repeated and confirmed Prof. Johnston's experiment, extending 
ft to gun-cotton. I find as he suggests that the latter substance pro* 
duces the same excitement of positive electricity which is produced by 
the pyroxi line-paper. The most energetic efiects are proiluced when 
fnkanized india rubber fs the electric. The opposite efiects in this sub- 
stance produced by fiannel and the gun-cotton or pyroxiline-pN()er are 
very striking, and will form a good lecture room illustration. These sub- 
stances also produce powerful positive excitement in glass. It is difiicult 
from the use of pith balls alone to detenniue which produces the most 
powerful positive excite.nent, glass or hard rubber, when excited by gun- 
cotton or pyroxi line-paper. This seeming anomaly, confounding our 
ordinary means of discrimination in cases of electrical excitement, de- 
mands further investigation. It would appear that of negative electrics 
yet observed, these azotized species of cellulose are the most remarkable-— 
in comparison with which the most highly negative electrics hitherto 
known become positive. b. b., jr, 

Deeembsr eft, 1843. 
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4. On the toave lengihi of certain epeetral ^tnet .-«J. Mitixm bat mat- 
snred the wave lengths of several ititeresting lines by means of the difirae* 
tion spectrum. The results obtained were aa follows : 

For the yellow sodium line, Naa, X — O'OOOfiOie™". 

For the red lithium line, Li«, X — 0'0006763«™, 

For the blue strontium line, Sr^, A — 0-000468 1"«. 

For th^ green thallium line, Tha, A —0*0005848™™. 
Pogg. Ann,y cxviii, 641. w. g. 

II. CHEMISTRY. 

1. On a new metallic oxyd, — Bahr claims to have discovered in a 
mineral from Ronsholm, an island near Stockholm, a new metal whidi 
he calls Wasiura, from the royal family of Wasa. The mineral itself— 
Wasit — resembles orthite and was found to contain silica, alumina, oxyd 
of iron, cerium, didyraium, lime, manganese, magnesia and alkali, together 
with a trace of uranium, a tantalic acid and perhaps thoria. About one 
per cent of the new oxyd is present. As obtained by the ignition of the 
nitrate it is a brownish sandy powder of density 8*726. Before tbe 
blowpipe it gives with borax in both flames a clear and colorless glni 
which readily becomes milk-white by flaming. With the phosphate it 
gives a clear and colorless glass bead which does not become opaque oa 
flaming. The compounds of Wasium give no spectrum in the gas flame. 
When the oxyd is treated with strong nitric acid in a porcelain dish it 
becomes yellowish but does not dissolve. By evaporation on a sand batk 
it assumes the appearance of thick groats with a warm tint, gradually it 
becomes lilac-colored, then darker and bluish brown, and on the bonier 
appears a ring of a brilliant brown varnish, which becomes broader tiU 
the mass assumes a gummy appearance. Water converts it into a white ; 
opaque substance which gives an emulsion like groats ; more water eaiiiy 
dissolves it, but a few drops of nitric acid produce the appearance of 
groats again. The author considers this reaction with nitric acid u 
characteristic of the new metallic oxyd. Solutions of the oxyd were pre- 
cipitated by ammonia, the precipitate being insoluble in caustic potash 
but soluble in carbonate of ammonia. The oxyd was also precipitated 
firom quite acid solutions by oxalic acid and its salts. It is to be hoped 
that a more appropriate name will be found for the new metal, if indeedi | 
-^which we cannot but regard aa rather doubtful — a new metallic oxyd 
actually occurs in the minerals mentioned by Bahr — Wasite, Norwegiaa 
orthite and gadoliaite from Ytterby. — Pogg, Ann^ cxix, 572. w. o. 

[Note^ Dec. 31. — Since the above was in type, we find in CampteeBm^ 
due (Ivii, 1740,) a note from our esteemed correspondent, Prof. NicU^ 
shewing satisfactorily that the so-called wasium of Bahr is nothing more 
than yttrium containing a little of its congeners didymium, or terbium* 
This conclusion Prof. N. justifies by a tabular comparison of \k» propertiei 
of the supposed new metal with those on which the autonomy c^ yttriom 
rest. The rose color of the nitrate of wasia is precisely that of nitrate of 
yttria, when, according to Mosander, this salt contains didymium, or, 
according to Berzelius, terbium. Klaproth's nitrate of yttna fumiahei 
the same gelatinous precipitate on evaporation of its watery aolotioi 
which Bahr insists on as characteristic of the new metallic oxyd«-^-a.] 
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2. On tolid aneniuret of hydrogen. — Wibdbrhold has described and 
tnalysed the solid compound of arsenic and hydrogen long known to 
cheonists but hitherto very imperfectly studied. The author obtains this 
substance by the action of cblorhydric acid upon an alloy of arsenic and 
tine, obtained by fusing the two metals together at a high temperature 
in the proportion of 1 part of arsenic to 5 of zinc. The arseniuret is • 
light, very voluminous powder of a reddish-brown color, strongly resem- 
bling peroxyd of lead. It is insoluble in water, alcohol, ether, bisulphid 
of carbon and petroleum. Its formula is AS2H ; at 200^ 0. it is com- 
pletely resolved into pure hydrogen and arsenic. Ignited in the air the 
arseniuret burns with a yellow flame like tinder, leaving as a residue ar- 
senous acid, metallic arsenic, and a small quantity of black matter which 
may be a new oxyd of arsenic. In fusing nitric acid the compound 
burns with evolution of light and forms arsenous and arsenic acids. A 
trace of the powder taken into the nostrils in inspiration produce a slight 
inflammation of the mucous membrane with swelling of the lower part 
of the nose. Its poisonous character may be readily inferred. — Pogp. 
Jlnit., cxviii, 615. w. a. 

8. On the erystalline form of sulphate of thallium, — Victor von Lang 
bas measured crystals of sulphate of thallium which are isomorphous 
with sulphate of potassium. The observed rhombic faces were 100, OlO, 
110, 210, 101, 111. The ratio of the axes is for 

ThSO^, a : 6 : c=l : 0-7319 : 0-6539 
ttidfor KSO^, a:6:c=l: 0-7464: 0-6727 

The surfaces reflected very well and exhibited an adamantoid lustre, prob- 
ably in consequence of the large quantity of thallium in the salt. The 
position of the optical axes of elasticity corresponded with that in sul- 
phate of ammonium but not with that in sulphate of potassium. — Pogg, 
Am^ cxviii, 630. . w. g. 

4. On a crystallized hydrate of «oc?a.^— Harms has obtained a well 
crystallized and definite hydrate of soda by exposing a solution of caustic 
loda of density 1-386 to a temperature of 0° C. The crystals are often 
very large, have a glassy lustre and are perfectly transparent and color- 
less; they fuse at 6® C. and yield a solution of density of 1*406. As the 
author states that the crystals may be obtained very pure even from so- 
lutions which contain sulphate and chlorid of sodium, it seems probable 
that they will aflbrd a ready means of obtaining pure soda solutions for 
laboratory use. The formula of the crystallized hydrate is NaO-|-8HO ; 
I^ long standing over sulphuric acid the compound loses four equivalenti 
M water. The crystals were measured by G. Rose and found to be 
oUique rhombic — Pogg. Ann.^ cxix, 170. w. o. 

5. On the constitution of Columbite. — H. Rosb has published an ex- 
tended discussion of the minerals which contain hyponiobic acid. As 
specially interesting to chemists we note simply the fact that in pure and 
nndeoompoeed varieties the ratio of the oxygen in the acid to that in the 
bases is as 3 to 1, so that pure columbites may be regarded as mixtures 
of Nb-O, FeO with Nb^Oj MnO. Rose calls attention to the iso- 
morphism of columbite and wolfram, and remarks further that the ob- 
servations of Kordenski5ld, and later of himself, go to prove that hypo- 
niobio and tungstic acids are isomorphous in the uncombined statei ao 
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that we have crystallographically Nb^OgSiWO,. A Teduction of the 
equivalent of tungsten so as to make tung^tic acid WjO, does not 
appear to be adminsable. — Pogg, Ann,, cxviii, 400. w. G. 

[Note, — Since niobic acid, NbOjf unquestionably belongs to the same 
natural group as silicic and titanic acids, SiOj and TiO,, and since there 
is good reiison to believe that the true equivalents of these acids are SijO^ ^ 
and Ti^O^, the formula of niobic acid will become Nb^O^, and if with , 
many chemists we consider silicon, titanium, niobium and certain other , 
elements as tetratomic, we shall have for the acids SiO^, TiO^, NhO^, 
4^c. Hyponiobic acid must then be written NbO^ and its isomorphi:^m 
with WO3 will appear natural. If oxygen be taken as 16 instead of 8, 
we have Nb^OjzrWjOj as crystal lographic equality. The vapor 
densities of NbCij and TiiClj correspond to 2 vols., and though the 
assumption that the molecules of all compounds coriespond to 4 vols, ia 
very far from being a safe one, we may still consider this fact as some 
argument for writing the chlorids NbCI^ and TnCl^. On the other 
hand Marignac has recently shown tliat the oxy-fiuo-tungstates are 
isomorphous with the fluo titanates, since we liave TiFj CuF=:WO^Ctt 
+ WF^Cu. Marignac writes this equality Ti2FgCu2=W,e,F40u, 
or TFo€u=W02F^Cu, and assumes that 02Z=F,. This obliges ni 
to admit that in this compound Ti2=Wj^, while the view, which we have 
taken above requires Nb2=Ti^=:W, since Nb=Ti in combinatioD* 
The proper mode of reconciling these differences must be left for a further 
Accumulation of well ascertained cases of isomorphism. — w. o.] 

6. On alloys containing tungsten, — Caron has instituted a series of 
experiments by order of the French Minister of War to determine the 
influence produced by tungsten upon the qualities of bronze, cast iron 
and steel. The only French mine from which tungsten is obtained ia 
quantity belongs to M. Dubreuil, and is situated at Puy-les-Viques near 
St. Leonard, in the department of the Haute Vienne. The wolfram ii 
here pulverized and roasted to separate sulphur and arsenic. In thii 
Btate it could be sold at 2^*6,0 the kilogramme, but it is better to reduce 
it to the metallic state by heating with enough carbon to reduce the 
metals. The crude tungsten contains iron, manganese, and carbon and is 
now sold at 3f^'75 the kilogramme, a price which will probably be still 
farther reduced. Tungsten as thus prepared was found incapable of form- 
ing true alloys with copper, tin, and gun-metal, the latter becoming less 
homogeneous and less tenacious than ordinary bronze, although harder. 
The addition of tungsten to cast-iron was found on the contrary to increase 
both the hardness and tenacity in about the same ratio with the quantitj 
of tungsten added. Even a small per-centage, not exceeding one per ceot 
of tungsten, was found to exert a marked influence, the grain of the iron 
becoming regular, fine and grayish, and the fracture showing great homo- 

feneity. The addition of tungsten to steel was found always to increase 
oth its hardness and its tenacity. The alloy exhibits a peculiar fracture 
with a brilliant lustre so that tungsten steel is easily recognized by a 
practised eye. Poor steel requires more tungsten than steel of good 
quality. A good cement steel alloyed with 5 per 100 of tungsten gave 
a steel of excessive hardness which, however, forged very well, though it 
required much more force than ordinary steel. After tempering, it ac- 
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qaired a hardness comparable only to that of the hard white cast-iron. 
A gun barrel made of steel which on analysis proved to contain tungsten, 
withstood the explosion of a charge of powder 0^*6 in length and weigh- 
ing 150 grammes, with 5 balls of lead weighing 135 grammes. The 
author succeeded in obtaining a steel of similar quality hy fusing together 
ID an earthen crucible at a very high temperature, 200 grammes of highly 
earburetted steel, 800 grammes of good iron and 20 gramnr>es of tungsten. . 
Id conclusion Caron confidently recommends the employment of tungsten 
to improve the qualities of steel, and shows that with tungsten at 3^*70 
the kilogramme, the price of steel would be increased by only 7 or 8 
francs the 100 kilogrammes. — Ann, de Chimie, Ixviii, 143. w. g. 

. [See p. 127 for further notice of titanium in pig iron.] 

7. On a new serUu of metallic oxyds.^^ll. Rose has discovered a class 
of oxyds which contain four equivalents of metal to one of oxygen. The 
type of this class of compounds is an oxyd of copper which has the for- 
inula Cu^O. When a solution of sulphate of copper is added to an ex- 
eeas of a very dilute solution of protochlorid of tin in caustic alkali, a 
hydrate of protoxyd of copper is precipitated, which after a short time 
becomes yellow, and on shaking pdsses into olive-green ; after a time this 
ID turn changes color and finally becomes reduc/cd to metallic copper. 
The green oxyd cannot be obtained in a state of parity without great 
difficulty, owing to its tendency to oxydize and also to the difiSculty of 
removing the last traces of tin. Rose has^ however, succeeded in 
.wtablishing its constitution beyond a doubt. Dilute sulphuric acid de- 
composes the oxyd into one atom of sulphate of copper and three atoms 
of metallic copper. Dilute chlorhydric acid forms at first a dark-colored 
lobstance (perhaps Cu^CI), but metallic copper and the white subchlorid 
are speedily formed. Sulphydric acid water converts the oxyd into a 
Uack powder which remains long suspende^d and which does not resem- 
ble a mixture of copper with the protosulphid or subsulphid ; the author 
regards it as Cu^S. Cyanhydric acid also converts the oxyd into a black 
raUftance which probably consists of Cu^Cy. The moist oxyd is not 
dissolved by ammonia, which distinguishes it remarkably from the sub- 
oxyd and protoxyd. Rose maintains that the suboxyd of silver usually 
written Ag20 is really Ag^O, and that ordinary protoxyd of silver is 
AgyO. This view, which he has for a long time defended, he extends to 
the alkaline metals, regarding soda and potash as Na20 and KjO. He 
recalls the formation by Bunsen of blue alkaline subchlorids by elec- 
trolysis, and states that these compounds can also be obtained by fusing 
potassium with chlorid of potassium, or sodium with chlorid of sodium, 
10 a current of hydrogen gas. Rose considers these subchlorids as K^Cl 
and Na^Cl. He proposes to substitute for the received nomenclature of 
the basic oxyds, the terms quadrantoxyd, semioxyd, isoxyd, diploxyd 
and sesquioxyd, denoting respectively the oxyds whose formulas are 
written R^O, RjO, RO, ROj, R2O3. — Pogg, Ann,, cxxx, 1. w. g. 

SNote, — It appears at least, extremely probable, that the beautiful blus 
violet colors produced by the action of metallic sodium or potassium 
upon certain organic bodies containing chlorine, may be explained by 
supposing that in these cases alkaline subchlorids are found like those 
mentioned by Bunsen and Rose. I recall, for example, the memoir of 
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Bouis on the Capryl series and the observations made by that chemist on 
the action of sodium upon the clilorid of Capryl. — w. o.] « 

8. On compounds of ulicium with oxygen and hydrogen^^-^V^bmaBk ' 
has obtained combinations of Milicium with hydrogen and oxygen by tbl 
action of fuming chbriiydric acid upon an aUoy c^' silicinro and caletum, 
consisting essentially of CaSi,. The siiiciuret of calcium ia gradually 
converted with evolution of hyJrogt*n into a new substance which tbt 
author c:ilU Silicon, not observing apparently timt tliis name had already 
beefi frequently ap)>lied to silicium to indicate its analogy with carbon. 
The silicone — as we will write it to prevent confusion — is to be filtend 
oflf, thoroughly washed, pressed between folds of porous paper and driet 
over sulphuric acid, every precaution being taken to exclude light ai 
much as powible. Silicone has a bright orange, yellow color; it is ioiol- 
ttble in water and alcohol and by heating becomes transiently of a dMp 
orange yellow. More strongly heated it takes fire and bums, leaviof 
•ilicic acid colored brown by amorphous silicium. Heated out of ooDtad 
with the air it gives off hydrogen and leaves a mixture of silicic add 
and silicium in brilliant blackish- brown leaves. When heated in adoisi 
tube with water to a temperature of 190^ C, silicone is rapidly and coa* 
pletely converted into white leaves of pure silicic acid while the (ubi 
conta^'Us compressed hyd rogen. Light decomposes silicone with eTolutkm 
of hydrogen gas, even beneath the surface of water, yielding a whits 
substance which WOhler terms leucon and which we will write Unamk 
Neither chlorine nor fuming nitric or concentrated sulphuric acid VrttaA. 
silicone. Fluohydric acid renders it at first white and then dissolves ki 
Alkaline solutions instantly convert silicone into silicic acid with strong 
evolution of hydrogen. In the presence of an alkali silicone redneei 
many metallic solutions, the evolved hydrogen being probably the redne* 
ing agent. The analyses of 'silicone lead to the formula SigH^O, as 
most probable, though the formulas SigHjO^ or Si^j^s^s express the 
results of two of the analyses better. Wohler points out the analogy of 
these formulas to those of organic substances and suggests that there may 
hereafter be a special chemistry of the compounds of silicium as those of 
carbon. Leucone is a colorless body which appears to remain unchanged 
in the air. On heating in the air it behaves like silicone, which it also 
resembles in its behavior toward alkalies. Its formula appears to bo 
SigHjOj^ or possibly SigHgOj^. Wohler now considers it probablo 
that the hydrated ozyd of silicium formerly described by Buff and him^ 
self, is really leucon and that the corresponding chlorid, bromid and iodid, 
have respectively the formulas SigH^Cljo, SigH^Br,©, and SigH^Ij^, 
while if the former analyses were correct the formula of leucon would 
be SigH^OiQ. By the action oi dilute chlorhydric acid upon OaSi| 
Wohler obtained another compound of silicon, hydrogen and oxygen ai 
a colorless body which ignited spontaneously in the air. Its formula ii | 
possibly Si gHgO J 0* Compounds containing sulphur, selenium and tollo^ \ 
rium were also obtained, but only imperfectly examined. The sulpbar > 
compound explodes violently when heated in a tube.— -^itn. der Ckemk 
und Pharm^y cxxvii, 257. w. a. 
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9. The Charaeteriitics of Thallium^ — Derived from statements of 
Crookes, Lamy and B'dttger^ and from original observations. — Thallium 
occurs ID minute quantities in many native metallic sulphids, especially 
in iron and copper pyrites. Hence it is often found in commercial buN 
pbnr, in oil-of* vitriol and in the sediment of the sulphuric acid chambers 
IB metallic copper, bismuth and cadmium, and in preparations derived 
from these substances. It likewise occurs in the flue-dust of furnaces and 
in certain mineral springs. 

Thallium is a bluish- white, very soft and malleable, though not tena- 
CKNis, metal. Its sp. gr. = 1 1*8. It is brilliant on a fresh-cut surface, but 
thoftly tarnishes. It is easily fusible and volatilizes at a red heat. Before 
the blowpipe it emits copious fumes of oxyd which have a peculiar odor 
and exhibit a play of white, reddish and violet colors. In its chemical 
relations, thallium, in some respects, most resembles lead and silver ; in 
others it is allied to the alkali-metals. It slowly dissolves in distilled 
water (far less readily in water containing earthy salts), especially when 
in a state of fine division. It dissolves readily in sulphuric and nitric 
aeids and aqua-regia, slowly in chlorhydric and very slowly in acetic 
add. Boiled with aqua-regia, terchlorid of thallium escapes in the vapors. 
Of the compounds of thallium with oxygen, there are known the 
protoxyd (TIO) and the teroxyd (TIO3). The latter is violet-black or 
brown, insoluble in water, soluble in hot strong sulphuric acid. Its 
hydrate (TIO3, HO) is brown and dissolves in cblorhydric, nitric and 
■nlphuHc acids. At high temperatures it loses its water but retains its 
bfown color. On strong ignition the teroxyd loses oxygen and is con- 
fsrted into protoxyd. Protoxyd of thallium as hydrate is largely soluble 
in water and alcohol. Its solution reddens litmus, is caustic and alkaline ; 
bj evaporation in vacuo it is obtained crystallized in the form of yellow 
needles. It absorbs carbonic acid with avidity, unites with acids yield- 
ing crystallizable mostly soluble salts. Sulphydric acid does not aflfect 
aeKl solutions of thallium, but throws down from alkaline, as sulphid of 
smmcmium does from neutral solutions, all the thallium they contain, as 
Uack sulphid of thallium. In very dilute solutions, a yellow, brownish- 

E"ow or red-brown coloration is at first produced. On heating, the 
iid may become purplish or blue by transmitted and yellow or brown- 
red by reflected light from the suspended particles of sulphid, while 
the latter, when deposited, has a brownish tinge. Sulphid of thallium is 
characterized by its flocculent form and bulkiness : its separation is pro- 
moted by heating or agitation, and at the same time it becomes less 
voluminous. Sulphid of thallium is insoluble in sulphid of ammonium, 
in alkalies, alkaline carbonates »and cyanids. It oxydizes to soluble sul- 
phate on exposure in the moist state to. the air, and must hence be washed 
with dilute sulphid of ammonium. It is slowly but perceptibly soluble 
in cold dilute acetic, chlorhydric and sulphuric acids, especially when 
exposed to the air, as happens when it is treated on a filter with these 
acids. It is readily soluble in nitric acid. — Alkalies and alkaline carbon- 
aies produce no precipitates in solutions of thallium. — Chlorhydric acid 
throws down from solutions that are not too dilute, protochlorid of thal- 

' From the Editor's notes to a new edition of Fresenius' Qualitative Analysis in 
preparation, to be published by John Wiley, New York. 
Aml Jous. Scl-Second asButa, Vol. XXXVII, No.l09.— Ja».,1%^ 
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lium as a white curdy quickly -subsiding precipitate, which requires 50 
parts of boiling water and 200 parts of cold water for its solution, and is 
less soluble in water containing chlorhydrio acid. — lodid of poiasnum 
(next to sulphid of ammonium the most sensitive reagent) gives a pale j 
yellow precipitate of iodid of thallium, which appears to be slightly 
soluble either in water or excess of the reagent. — Bichlorid of platinum 
throws down a pale orange precipitate of platinchlorid of thallium which 
is slightly soluble in water and is decomposed on ignition, evolving chlo- 
rine with loss of thallium and leaves a crystalline alloy of platinum and 
thallium. — Metallic zinc separates all the thallium in the metallic state, 
from neutral solutions often in the form of brilliant radiated needle-shaped 
crystals, from acid solutions as a heavy black powder. 

Thallium is in many cases most easily and certainly detected by spec- < 
tral analysis. The spectrum is characterized by a single bright green 
line coincident with Ba^. This line is however usually perceptible for 
but a moment, owing to the volatility of the thallium compound, sod 
hence its intensity and duration do not safely indicate the richness in 
thallium of pyrites, flue-dust, &c. 

Of crude sulphur a piece as large as a pea is nearly burned away on % 
platinum loop and the residue is examined in the spectroscope; or better, 
the sulphur is mostly dissolved by means of sulphid of carbon, and what ^ 
remains is tested spectrally. In pyrites, flue-dust, and lead-chamher J 
sediment, it may be usually detected at once by the spectroscope. The - 
sublimate procured by strongly heating finely pulverized native sulphide 
in a closed tube, often gives the reaction when none can be obtained 
directly from the sulphids themselves. s. w. j. 

Analytical Chsmistry. — 

10. Estimation of Sulphuric Acid in salts of the alkalies. — It is well 
known that precipitated sulphate of baryta may retain alkaline salts in 
quantities of 1*5 to 2 per cent, which cannot be removed by the mo«t 
careful washing. Stole a (Dingler's Polyt. Jour.^ April, 1863) obtains 
the sulphate of baryta pure by digesting it (after washing until the wash- 
waters no longer react of baryta) with 40-50 c. c. of a cold saturated so- 
lution of neutral acetate of copper and some acetic acid, at nearly a 
boiling heat, for 10-15 minutes. (The commercial crystallized acetate 
of copper is purified from sulphuric acid and at the same time saturated 
with sulphate of baryta, by adding to its boiling solution a slight excess 
of chlorid of barium and acetic acid and filtering from the precipitate.) 
During the digestion, enough acetic acid must be present to prevent the 
formation of basic salt on boiling. Should basic salt foim, which may 
be readily perceived at the bottom of the vessel, more acetic acid must " 
be added, and the digestion must be renewed for 10-15 minutes. During 
the process, the vessel containing the piccipitate should be constantly 
agitated. The alkaline salts retained by the sulphate of baryta undergo 
double decomposition with acetate of copper, and the resulting products ■ 
all admit of entire separation from the precipitate by means of hot water, j 
The precipitate is washed until no reaction for copper is manifest on mix- ] 
iug the washings with ferrocyanid of potassium. This method the ' 
author also found satisfactory for the estimation of sulphuric acid in 
presence of a Ja rge excess of nitrate of baryta and chlorid of barium. 
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Pbotooraprt. — 

11. Dry Process; by MM. TsissIsre et Jacquemet, of Marseilles. — 
Any collodion which gives good results by the wet process may be used 
in Oiis, provided that it contains at least one per cent of iodids and ^ per 
cent of broraids. The following formula is recommended : 

Ether, - - - - - - - - 60 cub. c. xn.» 

Alcohol, ....--. 40 " 

Gun cotton, ....... i gram. 

lodid of cadmium, - . - - . 0*75 " 

" " ammonium, ----- o-50 " 

Bromid of ammonium, ----- 0*40 " 

The plate is covered as usual, and sensitized in a bath containing 

Distilled water, --..-. lOO cub. c. m. 
Nitrate of silver, ----- 8 grams. 

Glacial acetic acid, ------ 2 cub. c. m. 

The plate is then transferred to a bath of distilled and filtered water, 
where it should remain until the plate ceases to appear oily. It is then 
passed successively through three other baths of filtered water. In the 
first two, filtered spring water may be used, but the last should be filled 
with distilled water. 

The plate is next washed in a solution of tannin, containing 

Distilled water, - - - - - - 100 cub. c. m. 

Tannin, ------- 3 grams. 

Alcohol of 40 pr. ct. - - - ' - - 5 cub. c. m. 

In preparing this solution the tannin should be first dissolved in the 
pare water, and filtered before the alcohol is added. Before applying 
the preservative, two portions of the solution should be measured out and 
placed in separate glasses. That from the first glass should be poured 
over the plate several times, until the coating has been thoroughly soaked. 
The excess is then drained off and the plate washed over with the solu- 
tion in the second glass, which may be collected and used for the first 
treatment of a second plate. Lastly, the plate is washed under a tap 
supplied with pure water to remove the excess of tannin, and air dried. 

The time of exposure for views is stated as from 1 to 1^ minutes with 
a quarter plate Jamin view-lens of 10 c. ra. focus, under best conditions. 

Before developing, the edges of the plate should be varnished with a 
fine camel's hair brush. Having soaked the plate for a few minutes in 
pare water, it is next dipped in the silver bath used for sensitizing and 
drained. It is then dipped into a shallow fiat glass dish containing a 
sufficient quantity of the following developer : 

Distilled water, ------ 200 cub. c m, 

Pyrogalllc acid, ------ l gram. 

Glacuu acetic acid, • - • - - - 10 cub. c. m. 

By rocking the dish the liquid is kept continually rolling over the sur- 
face, and the development is carefully watched by the light transmitted 
through the glass. 

If the exposure has been well timed the image will appear slowly, but 
with all the details sharply defined and the lights wholly unstained. It 
is then only necessary to add to the developer, a few drops at a time, of 
a weak solution of nitrate silver until the blacks are sufficiently intense 

* 28*84 Cttbic centimeters = 1 liquid ounc^. 1 ^pxa = 16'4 grains. 
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for a good negative. If the exposure has been too much prolonged the 
image will appear rapidly and will have a tendency to fog. A good re- 
sult can nevertheless be frequently obtained even then by adding pare 
acetic acid to the developer and thus retarding the process. Towards the 
end, if necessary, a little of the silver solution may be added to give the 
required intensity. If the exposure has been too short the image will be 
proportionally slow in coming out, and the details will not readily appear. 
The development can then be hastened, and a satisfactory negative gen- 
erally obtained, by adding to the developer a few drops of a saturated 
solution of pyrogallic acid, followed by one or two drops of a weak sola- 
tion of silver. If this is not sufBcient, increase the amount of both until 
the details appear, and then intensify by adding acetic acid and solution 
of silver if necessary. If during the process the developer becomes 
clouded it should be at once poured off and replaced by a fresh quantitj 
of the original developer. When the image is sufficiently intense, the 
plate is carefully washed and fixed in a solution of hyposulphite of soda, 
in the ordinary way. After again washing, a weak solution of gum ara- 
bic^is spread over the plate which is then dried and varnished. 

It will be seen that the above process is essentially the same as that of 
Maj. C. Russell, described by Prof. Emerson in this Journal, vol. xzxiv, 
p. 134. It contains, however, some details as to formulas and manipula- ] 
tion which are new and of practical value. Our experience has been j 
that although the washing of the sensitized plate should be begun in a 
bath of distilled water, it may be finished under a tap as well as by the 
more complex process here recommended. Moreover, we find an advan* 
tage in soaking the plate in a bath of hot water before developing, aa 
recommended by Dr. Draper, and we employ by preference the developer 
of Major Russell to any we have yet seen. Our formula for the devel- 
oper is : For solution No. 1, pyrogallic acid 4 grams, alcohol of 90 pr. 
ct. 25 cub. c. m. For solution No. 2, nitrate of silver 1*2 grams, citric 
acid 3 to 4 grams, according to circumstances, distilled water 25 cub. c m. 
We begin by adding to 25 cub. c. m. of pure water 16 drops of No. 1 and 
8 drops of No. 2« With this we flow the plate and keep the developer 
rolling over the surface until the details appear, and then add to the de- 
veloper a few drops at a time of No. 2, until the required intensity is ob- 
tained, returning the developer to the measuring-glass before each addi- 
tion. If the plate has been over exposed we retard the process by adding 
acetic acid. If under exposed, we hasten the development by increasing 
the amount of pyrogallic acid and subsequently of nitrate of silver, when I 
the details are well out. A few experiments gives the operator perfect ^ 
control over the process. If the developer becomes turbid during the 
process, it should be at once poured off the plate, washed, and the pro- 
cess renewed with a fresh portion of the developer, increasing the amount 
of citric acid, which tends to prevent this change. To persons who have 
not steady hands, the use of a shallow glass dish in developing as recom- 
mended above will be found of great advantage, especially when the pro- 
cess is prolonged. 

Another modification of the dry process proposed by Mr. Fassitt, one 
of our own photographers, is worthy of attention. It is based upon the 
use of an infusion of malt instead of tannin as the preserving agent 
The infusion is prepared in the foWoYiing ^a^ \ 
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Seven parts of crushed or ground malt are digested with 24 parts of 
warm water, the mixtures being well stirred for 10 or 15 minutes at a 
temperature of 70^ C. It is then slowly cooled and, having been strained 
through a cloth, is carefully filtered. 

The same collodion and silver bath are used as in the wet process. 
Wlien the plate is sensitized it is placed in a fiat dish of distilled water, 
which is waved over the surface until the plate ceases to appear oily. It 
is then drained for a moment and the malt solution turned on and ofi; as 
directed above for the tannin, when the plate is again drained and dried. 
The exposure is about the same as with the tannin process. Before de- 
veloping, the plate is soaked in water and well washed under a tap. *It 
is then dipped for a minute in the silver bath, drained, and developed 
with the usual iron developer. The formula recommended is as follows : 

Crystallized green vitriol, .... 120 to 170 g^ins. 
Glacial acetic acid, .... 5 drachms (liquid). 

Water, - - - - - - 10 ounces. 

If sufScient intensity is not obtained at first, to a fresh portion of the 
same developer may be added a few drops of the following solution, and 
the process repeated : 

Nitrate of silver, - - - - - - 15 grains. 

Citric acid, 15 " 

Water, .......i ounce. 

The results are said to be superior to those of the tannin process, es- 
pecially for transparencies on glass. 

M. Julhiet, a French photographer of Mons, gives the following . re- 
ceipts for the dry collodion process, which are said to give remarkably 
fiae negatives, excellently well adapted for enlarging by the solar camera, 
and the beauty of the enlarged prints made by him he attributes entirely 
to the delicacy of the negative : 

Collodion, 
Alcohol, -.--... 
Ether, -.---.- 
Gun-cotton, ------- 

lodid of ammonium, . . . - • 

lodid of cadmium, ------ 

Bromid of ammonium, .... 

Bromid of cadmium, ..... 

Pure iodine, ...... 

Should be kept for a month to a month and a half, until the color, at 
first red, becomes orange. 

SUver Bath. 
Nitrate of sUver, 5 grams. 



400 g 


ran 


600 




8 




5 




8 




0-5 




0-5 




0-2 
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Glacial acetic acid, ..... 5 

Water, 100 

Solution of Tannin. 

Tannin, ...-.-• 5 grams. 

Water, 100 " 

Alcohol, ,-....-3 



it 



Before developing, the plate is moistened with a small amount of dis- 
tilled water without washing and then flooded with a solution containing 

Nitrate of silver, 8 grams. 

Water, ....... 100 " 

Alcohol, - - - • • • .6" 
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vrhich is allowed to rest on the plate for a minute and then drained off^ 
when the developer is applied. Two solutions are prepared. 

No. 1. Pyrogallic acid, ----- 1 gram. 

Water, 200 " 

Glacial acetic acid, - - - - 25 " 

Alcohol, 10 " 

No. 2. Saturated solution of gallic acid in pure water. 

The developer consists of 6 grams of No. 1, mixed with 15 grams 
of No. 2, and is rolled on the plate in the usual way until it becomes 
turbid. It should then be poured off, and the plate washed and fixed in 
the usual way. If, however, the details are not all brought out by the 
first developing, the process should be repeated with a fresh portion of 
the same solution. 

We hope that the details here given may serve to make the dry pro- 
cess more popular with our amateur photographers. For out-of-door 
work, when the time of exposure is not an important point, it is so much 
more convenient than the wet process that it will be greatly preferred if 
once fairly tried. Care in regard to the purity of the materials and the 
condition of the baths will ensure success by the one process as certainly 
as by the other. j. p. c, jr. 

III. METALLURGY. 

1. On the Occurrence of Titanium in Pig Iron, and some Remarks on 
the Use of Titaniferous Minerals in the Manufacture of Iron and Steel; 
by Edward Riley, F.C.S.* — ^The presence of small cubical red crystals, 
with a metallic lustre, has long been observed in the hearths of old 
blast furnaces — they may be said, in fact, to be universally present 
to a greater or less extent — occurring most largely in the hearths of 
furnaces where clay iron-stone, or siliceous iron ores (such as the red 
hematite and Forest of Dean ores) are used. The crystals are always 
more abundant when the furnaces are used for making the best grey 
iron, %e most perfect crystals that have come under the author's observa- 
tion being some from the Low Moor ironworks ; while the largest quan- 
tity were from the iron works in the Forest of Dean, and the Pontypool 
iron works, some of which crystals were massed together, and had the 
appearance of copper. The iron from the above works has a great com- 
mercial reputation for its quality, and, as a rule, the better the quality of 
iron made in a blast-furnace the more titanium is found in the hearths. 

In the examination of a large number of the hearths of the Welsh 
blast-furnaces, where common iron for rails and bars is chiefly made— in 
one works eighteen were inspected during their removal — the crystals 
were observed disseminated through the mass, but were only very small 
in size and minute in quantity. 

The red crystals were first supposed by Wollaston to be titanium ; but 
Wohler has subsequently shown them to be a mixture of a nitrid and 
cyanid of titanium, containing 18 per cent of nitrogen and 4 per cent of 
carbon. The composition of the crystals, however, varies — as some will 
be found to be readily converted into titanic acid on boiling with strong 
nitric acid, while others are quite uuattacked by this reagent. 

' Read before the British Association at Newcastle, and extracted from the 
London Chemical News.Nos. 206 and iOT,"Soy. ^ ai^d \A:, \^^^- 
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Jntil recently the source of these crystals has not been very clearly 
ounted for, as in all analyses of materials used in the blast-furnace, 
nic acid or the oxyd of titanium was very rarely if ever mentioned, 
sinic acid has hitherto been considered an oxyd occurring only in 
mte quantity, or found in minerals that are not largely disseminated 
uch as in rutile and anatase, in the pure or nearly pure state, in iser- 
, ilmenite, and numerous other minerals, mostly mixed with a large 
centage of iron. The following are two analyses of some Norwegian 
that has been used in the blast-furnace, and will be subsequently re- 
ed to : — 

1. 2. 

Magnetic oxyd of iron, - - - • 46*16' 64.72 

Titanic acid, 86-88 40*80 

SUica, 18*32 1.68 

Magnesia, 207 2*18 

Lime, • - • -78 '66 

Bisulphid of iron (iron pyrites), • - - 1-06 ** .... 

100-24 99*89 

[etallic iron, - 38*89 89*62 

No phosphoric acid was detected. 

in experience of eleven years, in the almost exclusive examination of 
) and products from iron works, has proved to me that titanium ought 
longer to be considered one of the rarer elements, as it occurs very 
erally disseminated, and is a universal constituent of all clays, as was 
Dted out by me in a paper read before the Chemical Society last year, 
i recently published, from which the following table is extracted — giv- 

the percentage of titanium in the principal fire bricks u<ed in London. 
I methods adopted to determine titanium are not at all satisfactory ; 

following results would certainly be too low rather than too high, as 
all probability the whole of the titanic acid was not obtained : — 

)le iJuming the amount of Titanic Acid in Fire Bricke and Clay. A complete 
malyiie of these Bricks was not fnade^ except those of Dotvlais^ and the Titanic 
idd is too low and only represents in part the amount present. 

Silica. Titanic Acid. 

Description of Brick. Per cent. Per cent 

Stourbridge (Slickman), ... - 6611 1*06 

(Ruflford), 63-42 1-06 

Newcastle (Lucas). 60*49 *60 

" (Stephenson,) .... 60*60 '42 

(Ramsey), 66-86 '67 

Wortley Leeds (Ingham), ... - 62*96 '96 

Harwarden, North Walci, ... - 6289 '69 

Dowlais, South Wales, 6302 1*04 

Yellow London clay, (dry), - - - - 64*62 '60 

Ewell brick, Surrey, 91.84 trace 

Dinas brick, South Wales, . - . - 94-33 " 

Black alder, Devonshire, - - . . 76*16 *« 

From the above results it is apparent that in furnaces where clay iron- 
ne is used, the source of the titanium is the clay in the ore and the 
lie attached to it. In siliceous ores, such as the hematites, the titanium 
St probably is obtained from the rutile, which is frequently found in 
irtz, and perhaps partly from the fire bricks and shale, which is fre- 
3ntly used. 

These aualfseM were made in my laboratory by my late pxii^VVf'^t.^^e^. 
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The minerals of titanium, viz., nitiie and titanic acid mixed with 
iron, are largely found in Norway, and can be brought over to this couih 
try at a very cheap rate. Rutile, which, commercially speaking, is purs 
titanic acid, can be purchased here for 10/. per ton, or even less if it wers 
taken in large quantity ; and iron ores, such as shown in the analy 
given, can be bought at from 208. to 40s. per ton. 

Recently a series of patents have been secured by Mr. R. Mushet, for 
the use and application of titanium in the manufacture of iron and steel, 
and for alloying titanium with iron and steel, in which very ben^cial 
results are claimed for the action of the titanium. 

Before entering upon the question as to the effects of titanium, it will 
be well to consider if titanium alloys with iron, and if so, to what extent 
Up to the end of 1862 the author examined samples of pig iron, and 
Mr. Mushet*s steel itself specially, with the view of detecting titanium; 
but in no case could any distiifct evidence of its presence be proved, ex- 
cept occasionally as a minute trace. My conclusion at that time was 
that titanium did not alloy with iron, and my opinion on this point was 
strengthened by the results of M. St. Claire Deville, of Paris, who has 

Eaid especial attention to the subject ; and Dr. Percy observed also that 
e could never find it. M. St Olidre Deville mentioned to me, in the 
course of some conversation on the subject, that he had occasionally seea 
red crystals of titanium in the pig itself, and it was only then that ha 
oould detect the presence of the metal. The general opinion of Engliak 
chemists, who had paid attention to the subject, was that titanium did not 
practically alloy with iron. 

At the end of last year some samples of pig iron were submitted to 
me, one of which was made from red hematite mixed with 7-}- per cent 
of Norwegian ore, similar to the analyses previously given. The analyaii 
of this sample of pig gave distinct evidence of the presence of an ap- 
preciable amount of titanium ; and in other samples sent at the same 
time, reported to be made from red hematite alone, to my surpnae 
titanium was also found, but to not quite such a large amount. This 
could not be satisfactorily accounted for until the persons sending me 
the pig informed me that 10 per cent of Irish (Belfast) ore had been \ 
mixed with the hematite ; and on examining this ore it was found to 
contain some amount of titanium, as seen by the following analysis : . 

Bel/oit Iron Ore, dried to 280® Fahrenheit j 

Silica, 9'S1 

Peroxjd of iron, 27*93 

Protoxyd of iron, 6*08 

Alumina, Zi'6l 

Titanic acid, 8*61 

Manganese, traces 

Lime, '91 

Magnesia, - .§2 

Combined water, 19*86 

Phosphoric acid and copper, traces 

ToTis 

Metallic iron, per cent, 28*6 

The use of this ore in the furnace was attended with considerable ad- 
raatage on account of the high percentage of alumina it contains, thni 
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>nDiDg a more readily fusible double silicate with the silica contained 
a the hematite. 

The method pursued to detect titanium was the same as that adopted 
Old given in my paper in the Journal of the Chemical Society for 1 862, 
>agedn. It, however, required no very special method to point out 
ts presence, and it was readily found in the silica obtained in the portion 
>f pig used for the determination of phosphoric acid, by siniply treating 
he silica with fluohydric and sulphuric acids, evaporating to dryness, 
uid igniting. Thus, 1 20*845 grains of pig gave silica 4*29, which left 
I residue, when treated as above, of 'SI. This was slightly tinged in 
M)lor by iron, and on fusing it with bisulphate of potash, dissolving the 
fused mass in cold water, and boiling, the characteristic precipitate of 
itanic'acid was obtained, which gave the reactions peculiar to titanic 
icid in the blowpipe flame with microcosmic salt. The whole of the 
itanic acid cannot be separated with the silica, and a considerable 
imount is in solution with the iron.' However, to determine accurately 

• The following are methods that have been adopted to separate the tftanic acid : 
—A weifj^ied portion of the borings of the pig are treat-ed with fuming nitric acid 
B a flask, a few drops of chlorhydric acid added from time to time, the whole 
wing Weil boiled. The contents of the flask are then transferred into a porcelain 
ilish, evaporated to dryness, and heated strongly. On cooling, it will be found that 
nyd of iron readily detaches itself from (he dish, and can be easily transferred 
nto a beaker, the portions left on the dish being dissolved in chlorhydric acid, and 
prared on the contents of the beaker ; the dish may be washed, or nearly so, with 
itroag chlorby<lric acid. The contents of the beaker are boiled for from two to 
three hours until complete solution of the iron is effected ; and as some quantity of 
dilorhydric acid is required for this, my usual plan is to allow a large portion of 
the excess of acid to evaporate in the beaker, retaining only as much as is lequisite 
to keep up in solution tlie iron. The silica is Altered off in the usual way, after 
diluting with wat(>r and adding a few drops of chlorhydric acid on the filter to 
dissolve the basic salt formed by the water. By this means the silica can be ob- 
tained very nearly white after burning off the graphite, and very little iron will be 
ibnnd with it except the pig contain much phosphorus, as the silica invariably con- 
tains more or less phosphate of iron from insoluble phosphid of iron, which cannot 
be completely dissolved out by chlorhydric acid. In the filtrate from the silica 
tht sulphur in the pig may be determined, and subsequently the phosphoric acid, 
by removing first the excess of chlorid of barium used to precipitate tlie sulphuric 
add. Before determining the titanium and phosphoric acid, the residue from the 
silica should be fused with bisulphate of potash, dissolved in water, and added to 
the solution of iron in which the phosphorus and titanium are to be determined. 
The solution is reduced with sulphite of soda, and excess of sulphurous acid is 
drireo off by boiling. The solution is then nearly neutralized with ammonia, and 
acetate of ammonia or soda added ; and if there is only a small quantity of phos- 
phoric acid, there will always be sufficient peroxyd of iron to precipitate it, out if 
not, a few drops of nitric acid must be adaed, so that the precipitate produced is 
distinctly red, and the solution is boiled and filtered as quickly as possible. This 
precipitate may be at once treated, or if it contains much peroxyd of iron in ex- 
cess of that sufficient to form phosphate of iron, it is better to redissolve it in UCl, 
re-reduce it with sulphite of soda, and repeat the operation above described. 
The precipitate is then dissolved in chlorhydric acid, and chlorid of magnesium, 
ammonia, chlorid of ammonium, and tartaric acid added, the precipitate produced 
being allowed to stand two nights; then the ammonia- phosphate of magnesia 
filtered off, dried, ignited, and weighed, and the pho!?phoric acid calculated from the 
pyrophosphate of magnesia. The filtrate from the phosphoric acid is treated with 
iaiphid of ammonium, and the sulphid of iron separated, the filtrate evaporated 
o dryness, ignited, and burnt in a muffle ; or evaporated nearly to dryness, trans- 
erred into a Florence oil flask, and treated with fuming nitric acid until all the tar- 
Am. Jour, acL-SsconD Skbieb, Vol. XXXVII, No. IW.— Ja3S.,1i&I^. 
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titanic acid, oxyd of iron ought to be entirely absent, as it either pw- 
vents its precipitation altogether, or materially retards it. This is, ia 
fact, the great reason why titanic acid has been so frequently overlooked, 
and so many errors made. Some special experiments on this point will 
be found in my paper previously alluded to. 

Titanium may, however, be found more satisfactorily and more readily, 
during the process usually adopted to determine the amount of graphite 
in pig iron, provided a large quantity of the pig be operated on. In the 
analysis of the pigs alluded to, about 200 grains of the pig were dissolved 
in dilute chlorhydric acid; when the pig was nearly all dissolved and 
the action of the acid had ceased, more chlorhydric acid was added, 
and the solution well boiled, so as thoroughly to extract all the iron. 
The solution was then thrown on dried counterpoised filters encircling 
each other, and the filter well washed to remove all the iron. It was 
then treated with dilute potash, and washed once ; then re-treated with 
it, so as to remove entirely the silica. The potash was thoroughlj 
washed out, and the filter treated with chlorhydric acid, thoroughly 
washed and dried at 250^ F., until the weight was constants This gw% 
the graphite, on burning which a residue of a dirty light brown color 
was left, which, on being fused with bisulphate of potash and treated m 
before, proved that the residue was nearly pure titanic acid, as will be '] 
seen from the results below : — j 

Graphite and Residue Utanic acid 

Titanic acid, after baming. obtained. 

1-82 1-28 1-086 

7-86 -886 -746 

•Z-Oi -88 -28 

The amount of titanic acid, or rather residue, obtained from the silica 

after it had been volatilized with fluohydric and sulphuric acids, when 

the pig was dissolved in nitro-chlorhydric acid, evaporated to diyneai, 

and redissolved in chlorhydric acid — is given below : — 

Residne by 

Grain. S3J obtained. fl«ohy ^nc and 

of pig taken. wi»v« wwi«ui«u. »ulphunc acidi. 

No. 1 120-846 4-29 -81 

« *2 127-98 8-659 - -20 

«* 8 122-66 9-22 -266 

taric acid is destroyed ; in either case the residue is fused with bisulphate of potash, 
or where nitric acid is used, this is driven off with sulphuric acid. The fusion with 
bisulphate of potash is dissolved in cold water, boiled for some hours, and allowed 
to stand a night in a warm place, when the titanic acid is filtered off and washed 
with dilute sulphuric acid-^dried, ignited, and weighed. If the determination of 
phosphoric acid is not required, then the precipitate produced (either by one treat- 
ment or two) bj the alkaline acetate, mav be dried (without washing), burnt, and 
fused with bisulphate of potash, dissolved in cold water, when a little phosphate 
of iron, which remains insoluble, is separated ; and the solution being boiled, the 
titanic ucid is precipitated, and may be separated as before. 

Neither of the above two processes are very satisfactory for the quantitative 
determination of titanic acid. The first is very tedious, and destroying the tartaric 
acid very troublesome ; while in the second method, the phosphate of iron (insola* 
ble in the bisulphate of potash) cannot be washed without its passing through the 
filter, and very frequently also the small amount of iron keeps up the Utanic add, 
as iron even in small quantities has a very great effect in preventing the precipita- 
tion of titanic acid, so that it is always advisable to add a little sulphite of soda, 
wbicb reduces the oxyd of iron and facililalea Ihe v^ed^lta.tvou of the titanic acid. 





Grains 




of pig taken. 


No. 1 Pig 


206-68 


tt 2 4( 


207 06 


" 8 *« 


216-86 
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This residue, chiefly titanic acid, contained, however, some iron, and 
WHS not so pure as that obtained by burning the graphite, given in the 
above table. The following are the tabulated results of the analyses of 
tlie three samples of pig : 





I. 


II. 


III. 


Carbon, 


8-31 


818 


8-11 


Silicium, 


1-86 


8-28 


8-66 


Iron, - - - 


- 93^47 # 


92-79 


92-04 


Manganese, 


•60 


•48 


1-09 


Sulphur, 


•071 


•068 


•112 


Phosphorus, 


•076 


•062 


•098 


Titanium, - 


1^160 


•71 


•470 



100-437 100-560 100*466 

In all these the carbon was combined ; and traces of antimony, nickel, 
copper, and cobalt were found in all three samples. Samples i. and ii. 
were No. 3 grey iron ; and sample iii. was bright iron. 

The percentage of titanium given in the above analyses differs from 
ihat in the preceding table, due probably to the chlorhydric acid dis- 
tolving some of the titanium. From 15 to 16 grains of the pig are dis- 
tolved in nitro-chlorhydric acid, and the solution evaporated to dryness, 
the silica separated in the usual way, and volatilized with fluohydrio 
aod sulphuric acids, the residue fused with a little bisulphate of potash, 
dissolveKl in cold water, and added to the filtrate from the silica. The 
solution is precipitated with acetate of soda or ammonia, first nearly 
neutralizing it with ammonia ; after boiling well, the basic peracetate of 
iron is filtered off, and well washed, adding occasionally a drop or two 
of the alkaline acetate. The filter is then dissolved in chlorhydric acid, 
ithd peroxyd of iron precipitated by ammonia, filtered, dried and ignited 
in the usual way. llie peroxyd of iron is then dissolved in chlorhydric 
acid, and the small amount of silica present separated, the solution is 
reduced with sulphite of soda, and the iron determined with a standard 
solution of bichromate of potash. This gives the percentage of iron, or 
of pure peroxyd of iron ; and the difference between the peroxyd of 
iron weighed and that determined by standard solution is considered to 
be titanic acid and phosphoric acid. The phosphoric acid having been 
determined by another distinct operation, the amount present in the 
peroxyd of iron is calculated and deducted from the above difference — 
the remainder being considered to be titanic acid, from which the percent- 
age of titanium in the pig is calculated. This determination by loss is 
not so satisfactory as a direct determination, and is probably a little 
high ; and the true percentage of titanium will probably lie between that 
given in the table and that in the analyses. Subsequently to the analyses 
of the above three samples of pig, a sample of iron made wholly with 
hematite was tested for titanium, but none was detected. Recently I 
have examined some samples of pig iron made from a mixture of Cornish 
ores, Irish bog-ore and hematite ore ; the result shows that the pig con- 
tains some amount of titanium ; the following is a partial analysis^ of 
the Cornish ores used : 

^ AnalysU made in my laboratory by Mr. fietley. 
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Siliceous matter, - - - - 23'38 21*70 27*1S 21*08 

Peroxyd of iron, • ... 4196 66*32 47*82 70'20 

Perozyd of manganese, - - 26*77 16-11 1625 2*46 

Percentage of metallic iron, • 29*38 89-4S 38*14 49*14 

<' " manganese, 1608 10*26 10*84 1'56 

These ores contained a little phosphoric acid. 

The following are the resnlts of the analyses of three samples of this 

pig ; the titanium being determined as in the other analysis of pig 
given : — 

I. II. IIL 

Graphite, 812 8010 2*615 

Combined carbon, - - - - '310 1*020 '074 

Silicium, 2*690 2-650 8325 

Iron, 87-900 86*880 84-266 

Manganese, 6*860 6 370 8*087 

Nicke) and Cobalt, ... '060 -no .... 

Copper with a little antimony, - -060 '045 •064 

Pbospliorus, '147 *164 -201 

Sulphur, '026 '026 '017 

Titanium, -790 1*160 1*629 



100*868 101*315 100*268 

Samples i. and ii. were made with a mixture of •}- Cornish, •)- Irisli 
bog-ore, J hematite ; and sample iii, i Irish bog-ore, |- Cornish owl 
The Irish bog-ore contained 7 to 9 per cent of manganese. 

These samples of pig were numbers 1 and 2, with here and there 
patches of bright iron. Nos. 1 and 2 were drilled, but were rather hard; 
No. 3 was too hard to drill, or could only be drilled with great difficulty. 
They were made specially to see to what extent, on a large scale, mangs: 
nese could be made to alloy with iron ; and also if a pig could not be 
made in this country similar to " Spiegeleisen," and adapted for the pur- 
pose of carbonizing the iron after blowing by the Bessemer process. The 
percentage of manganese in the analysis of sample iii. is the highest that 
has ever come under my notice in grey pig-iron. 

The question now becomes — In what state does the titanium exist in 
the pig — is it, or is it not, alloyed with it ? The pig itself has been 
carefully examined with the microscope to see if any red nitrid crystals 
could be discovered, but no indications of them have been seen. The 
residue, after dissolving the pig in chlorhydric acid, washing out all 
soluble matter, and drying, has also been examined, but only distinct 
graphite plates could be seen, with transparent gelatinous silica, having 
the appearance of chalcedony ; and also some of this residue, after the 
silica had been separated, was examined, but no indication of any other 
substance besides the graphite could be seen. From the above it is evi- 
dent that the titanium must be either disseminated through the pig in a 
finely divided amorphous condition, or it must be alloj^ed with it. 

Samples of Mr. Mushet's steel, in the manufacture of which titanifer- 
ous ores had been used, were also examined, but in no case has any evi- 
dence of the presence of titanium been detected. Several experiments 
conducted on a small scale with titaniferous iron ores show that no 
increase in the yield of iron is obtained by the presence of titanic acid, 
and that when this substance is presQnt in any (\uantity it is very diffi- 
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colt k> flux or to get % good cinder ; so that it is always necessary to 
bave a large amount of an easily fusible silicate before satisfactory results 
can be obtained in the- reduction of ores containing titanic acid. The 
following are the results of the dry assays of some titaniferous ii'on ore, 
containing by wet assay 39*08 per cent of iron : 

1. 2. 

Iron ore, ..... 500 500 500 600 

Clay, 100 100 60 100 

Lime, 260 230 160 180 

Anthracite, 80 75 75 70 

930 906 775 850 

The two assays fnarked 1 were perfect, and a good button of iron ob- 
teined, yielding 37*76 per cent of iron in the ore, the cinder being of a 
dark blue color; but in the assays marked 2, the cinder was almost black, 
semi-fused, and contained cavities with acicular crystals. 

It must, howevor, be admitted that when titanic acid is present in iron 
ores, it appears to impart a steely nature to the iron reduced from them, 
somewhat similar to that obtained by the use of manganese ; and fluxes 
that have been used with advantage at Sheffield have, on analysis, been 
proved to contain a high percentage of titanic acid. The pig iron made 
with *H per cent of titaniferous iron ore, of which the analysis is given, 
proved also to be an iroo of very great strength, and excellent quality both 
for castings and for tiie Bessemer process. 

In conclusion, my opinion as to the use of titanium is, that it appears 
to have some beneficial effect in the manufacture of iron and steel, and 
to act somewhat similarly to manganese. The rationale of its action 
possibly is that the titanium acts as a carrier of cyanogen to the steel, 
from its known affinity for carbon and nitrogen. The action, however, 
of manganese is by no means well understood ; the same may be said 
of the cyanids; and to determine it requires the experiments to be more 
carefully conducted than has been hitherto done, before we can solve the 
question as to the part (if any) that nitrogen plays in the manufacture of 
steel. The above points are at the present time engaging my attention ; 
but my object in this paper is to prove that under certain conditions 
titanium is a constituent part of pig-iron, and not to enter into theoreti- 
cal considerations on the composition of iron and steel. 

2. On Aluminum and Aluminum-bronze ; by I. L. Bell, the Mayor of 
Newcastle. — The progress of the manufacture of this, so far as the arts 
are concerned, new metal has scarcely been such as to require much to 
be added to those admirable researches bestowed upon the process by the 
distinguished chemist, M. St. Clair Deville, of Paris. Upon the introduc- 
tion of its manufacture at Washington, (Eng.), three and a half years ago, 
the source of the alumina was the ordinary ammonia alum of commerce — 
a nearly pure sulphate of alumina and ammonia. Exposure to heat drove 
off the water, sulphuric acid and ammonia, leaving the alumina. This 
was converted into the double chlorid of aluminum and sodium by the 
process described by the French chemist and practised in France, and 
the double chlorid subsequently decomposed by fusion with sodium. 
Faint, however, as the trac^ might be of impurity in the alum itself, 
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they to a great extent, if not entirely, being of a fixed character when 
exposed to heat, were to be found in the alumina, from which, by the 
action of the chlorine on the heated mass, a large proportion, if not all, 
found their way into the sublimed double chlorid, and once there, it is 
unnecessary to say that under the influence of the sodium any silica, iron, 
or phosphorus found their way into the aluminum sought to be obtained. 
Now, it happens ' that the presence of these impurities in a degree so 
small as almost to be infiuitesimal, interferes so largely with the color 
as well as with the malleability of the aluminium, that the use of any 
substance containing them is of a fatal character. Nor is this all, for 
the nature of that compound which hitherto has constituted the most 
important application to this metal — I mean aluminium-bronze — is so 
completely changed by using aluminium containing ^he impurities re- 
ferred to, that it ceases to possess any of those properties which render it 
valuable. As an example of the amount of interference exercised by very 
minute quantities of foreign matters, it is perhaps worthy of notice that 
very few varieties of copper have been found susceptible of being em- 
ployed for the manufacture of aluminium; and hitherto we have not at 
Washington, nor have they in France, been able to establish in what the 
difference consists between copper fil for the production of aluminium- 
bronze and that which is utterly unsuitable for the purpose. These con- 
siderations have led us both here and in France to adopt the use of 
another raw material for the production of aluminium, which either does 
not contain the impurities referred to as so prejudicial, or contains them 
in such a form as to admit of their easy separation. This material is 
Bauxite^ so called from the name of the locality where it is found in 
France. It contains — 

Silica, 2-8 

Titanium, - - 81 

Sesquioxyd of iron, 25*3 

, Alumina, 674: 

Carbonate of lime, ---..-- 0-4 

Water, 108 

99*8 

The bauxite is ground and mixed with the ordinary alkali of com- 
merce, heated in a furnace. The metal is so extensively used in the arts 
as to keep the only work in England, namely, that at Washington, pretty 
actively employed. As a substance for works of art, when whitened 
by means of fluohydric and phosphoric acid it appears well adapted, as 
it runs into the most complicated patterns, and has the advantage of pre- 
serving its color from the absence of all tendency to unite with sulphur 
or become affected by sulphuretted hydrogen. A large amount of the 
increased activity in the manufacture referred to is due to the exceeding 
beauty of its compound with copper, which is so like gold as scarcely 
to be distinguishable from that metal, with the additional valuable 
property of being nearly as hard as iron. — Chemical NewBy No. 202, 
Oct 17 th, 1863. 

3. Processes of Silver and Gold Extraction; by Guido Kuestkl 
8vo. 327, with 7 lithographic plates. (Carlton) San Francisco, 1863.— 
From the title page we learn that this work treats of the processes in use 
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in Nevada and California for the extraction of gold and silver, and is 
intended especially for the mining public of California and Nevada. The 
first part contains a chapter on the blowpipe, a description of gold and 
silver ores and the methods of assaying them, besides the extraction pro- 
cesses above alluded to. Part second, is a treatise on the general metal- 
lurgy of silver ores and is translated from Kerl's " Hiittenkunde." It 
contains further, a valuable series of tables showing the amount of fine 
silver per ton of ore and the values of silver and gold per ounce in the 
bar. The book seems to have been written and arranged with considera- 
ble care by one who evidently understands his subject, and from our 
examination of it we should think it to be well adapted for the purpose 
for which it was prepared. 

IV. AGRICULTUBAL CHEMISTRY. 

1. Die Chemie in ihrer Anwendung auf Agricultur und Physiologiey 
twi Justus vowLiebig. Inzwei Theilen, Siebente Auflage, Ureter Theil: 
-—Der Chemische Process der Erndhrung der Vegetahilien, Zweiter Theil: 
—Die Naturgesetze des Feldhaues, Braunschweig^ 1 862. Also The Natu- 
ral Laws of Husbandry^ by Justus von Liebig. Edited by John Blyth, 
M.D. New York: D. Appleton <fe Co., 1863. — The seventh edition of 
Liebig's great work on Agricultural and Physiological Chemistry appeared 
in 1862, in two volumes of nearly 1100 pages 12mo. The first of these 
is essentially a revision of the 6th edition, save that the chapter on 
Eremacausis is omitted, and a voluminous table of ash-analyses is ap- 
pended. The whole is prefaced by a long introduction (156 pp.), which 
is occupied with some historical matters and the author^s justification of 
his own course in reference to agricultural science. 

The second volume, of which the English edition by Dr. Blyth is a 
faithful and spirited translation, is a new book whose scope may be im- 
perfectly gathered from the following titles of its chapters : 

Chap. I. The Plant ; Chap. II. The Soil ; Chap. III. Action of Soil 
on Food of Plants in Manure; Chap. IV. Farm-yard Manure; Chap. V. 
The System of Farm-yard Manuring ; Chap. VI. Guano ; Chap. VII. 
Poudrette — Human Excrements ; Chap. VIII. Earthy Phosphates ; Chap. 
IX. Ground Rape-Cake ; Chap. X. Wood-Ash ; Chap. XL Ammonia 
and Nitric Acid ; Chap. XII. Common Salt, Nitrate of Soda, Salts of 
Ammonia, Gypsum, Lime. 

This work is written in the earnest captivating style which characterizes 
the productions of Liebig; it displays vast knowledge and will be of 
great service to the science of agriculture by exciting discussion and 
research. 

The work is largely devoted to the advocacy of certain doctrines which 
are peculiar to the author, or which, at least, have been so developed and 
defended by him as to bear his stamp henceforth : doctrines which are 
fundamentally opposed to older views, and which, we may add, are every 
one of them capable of utter refutation. The chief heresies which are 
promulgated in the Natural Laws of Husbandry are — 1. that the radica- 
tion of plants is proved to account for their different adaptedness to 
diflferent soils and fertilizers. 2. That the universally active process of 
gaseous and liquid diffusion {osmose^ does not apply in full force to the 
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feeding of plants, whether land or aquatic 3. That the soil has no 
solution of matters, nutritive to vegetation, circulating in it 4. That 
plants acquire their food, as good as wholly, from the insoluble matten 
of the soil by the direct action of their rootlets. 5. That manures mini 
be absorbed by the soil before they can be of use to plants. 6. That 
nitrogenous manures, especially salts of ammonia, act chiefly by solving 
the phosphates of the soil. 7. That artificial supplies of nitrogenoot 
nutriment to agricultural plants are unnecessary and in the end hurtful 
8. That the so-called improved agriculture — the high farming— of ths 
present day, is a system of robbery and spoliation. 9. That the commos 
practice of agriculture in Europe and America is inevitably leading to 
the exhaustion of the soil, the poverty, starvation and final downfall of 
the nations. 10. That agricultnre as practiced in China and Japan ii, 
in the long run, superior to that of so called enlightened countries. 

These doctrines, which represent the salient points of the work, are 
urged with wonderful vigor and apparently with great conclusiveness. 
The work however is not free from fallacious and sophistical reasoning, 
nor indeed from contradictions which destroy confidence in the autbor*i 
conclusions. While no little display is made of the results of late 
researches, many statements are advanced and many facts are assumed, 
which late researches have made wholly untenable. The *' Natural Laws 
of Husbandry '' is an ingenious and learned effort, but not one, we are 
bound to say, which faithfully reflects the present state of agricultural 
science. s. w. j. 

2. On a function of Roots, — Hbnrici (ffenneberg^s Journal Jur Land- 
tsirihseha/t, 1863, p. 280 et. scq.) has made some ingenious and interest- 
ing observations on the function of roots in supplying water to the plant, 
and on the development, under certain conditions, of special roots destined 
for this purpose. It is a matter of not infrequent occurrence that plants 
send roots into wells, cisterns, drainpipes, &o, where they exist in con- 
tinual contact with a body of water. In drain-pipes the roots of plants 
usually considered to be free from aquatic tendencies, such as rape (Bra$' 
Sica)^ sometimes accumulate to a surprising extent. Henrici surmised 
that the roots which most cultivated plants send down deep into the itoil, 
even when the latter is by no means porous or inviting, are designed 
especially to bring up water from the subsoil for the use of the plant 
The following experiment was devised for the purpose of establishing the 
truth of this view. On the Idth of May, 1862, a young raspberry plant, 
having but two leaves, was transplanted into a large glass funnel filled 
with garden-soil, the throat of the funnel being closed with a paper filter. 
The funnel was supported in the mouth of a large glass jar, and its nedc 
reached nearly to the bottom of the latter, where it just dipped into a 
quantity of water. The soil in the funnel was at first kept moderately 
moist by occasional waterings. The plant remained fresh and slowlj 
grew, putting forth new leaves. After the lapse of several weeks, four 
strong roots penetrated the filter and extended down the empty funnel- 
neck through which they emerged, on the 21st of June, and thencefo^ 
ward spread rapidly in the water of the jar. From this time on, the soil 
was not watered any more, but care was taken to maintain the supply in 
the jar. The plant continued to develope alowly, its leavea however did 
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ire a vivid green color, but remained pale and yellowish ; they 
wither until the usual time late in autumn. The roots continued 

and filled the water more and more. Near the end of December 
t had 7-8 leaves, and a height of 8 inches. The water-roots 
;orous, very long and beset with numerous fibrils and buds. In 
el tube the rools made a perfect tissue of fibers. In the dry 

the funnel the roots were less extensively developed, yet exhibited 
cy buds. The stem and the young axillary leaf-buds were also 
ip. The water-roots being cut away, the plant was put into gar- 
and placed in a conservatory where it grew vigorously, and in 
'e two offshoots. 

xperiment makes it quite certain that plants extend a portion of 
>ts into the subsoil chiefly for the purpose of gathering supplies 
r. 8. w. J. 

V. GEOLOGY. 

mtrihutions to Paleontology ; by Prof. James Hall. (Appendix 
9 Sixteenth Report of the Regents of the University of the State 
York on the condition of the State Cabinet of Natural History, 
Professor Hall has issued, in advance of publication, his Oontriba* 
Paleontology in the Sixteenth Report of the Regente of the Uni- 
These Contributions are principally the results of investigations 
iring the years 1861 and 1862, and comprise 226 pages of text, 
dive excellent lithographic plates and numerous woodcuts, cover- 
following subjects : 

Descriptions of [37] new species of Brachiopoda, from the Upper 
»erg, Hamilton and Chemung groups, — being mostly extracted 
9 fourth volume of the Paleontology of New York. 
Dbservations upon some of the Brachiopoda, with reference to the 
irs of the genera Ciyptonella, Centronella, Meristella, Trematos- 
lynchospira, Retzia, Leptocoelia and allied forms. — A part of this 
ppeared in the Transactions of the Albany Institute of February 
1 was copied into the September number of this Journal. 
Observations upon the genus Streptorhynchus, with remarks upon 
ecies heretofore referred to Strophomena and Orthis. 
Nfote on the Geological Range of the genus Receptaculites in 
ftn Paleozoic strata, — tracing the genus from one species in the 
^ limestone, and four in the Galena, to three in the Niagara group, 
he Lower Helderberg, and one in the Schoharie giit. 
Note on the occurrence of Astylospongia in the Lower Helderberg 

)n the occurrence of Crustacean remains, of the genera Ceratiocaris 
hyrocaris ; with a notice of some new species from the Hamilton 
nd the Genesee slate (with one plate). 

Observations upon some spiral-growing fucoidal remains of the 
ic rocks of New York (with one plate),— referring to the new genus 
yton the indistinct Devonian forms heretofore known as Fucoides 
Gallij F. Velum, <fec. — The author infers, from the fact of the 
nee of these forms, so far as now known, solely in Devonian rocks, 
iir occurrence may be found of advantage elsewhere, as indicating 
ouB. Sgl^Sboond SESLEa, Vol. XXXVII, No. 109.— Jks., Vify^ 
18 
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strata of similar age, but adds : ^ In other regions, however, where th» 
line between Devonian and Carboniferous is not so well defined as ia 
New York and to the westward, these forms may be found to have t 
greater vertical range ; and I have not at present evidence for asserting 
that they do not occur in the Lower Carboniferous shales of Pennsyl* 
vania." 

(8.) Observations upon the genera Uphantaenia and Dictyophyton; 
with notices of some species from the Chemung group of New York, and 
the Waverly sandstone of Ohio (with four plates). — We extract the 
closing remark : " Within New York these fossils are restricted to the 
Chemung group ; and their occurrence in Ohio, in rocks below the cwh 
glomerate, has always been regarded by me as strong' evidence of the 
equivalency of the formations. The paucity of species of fossils in the 
Ohio rocks identical with those of New York has lately furnished aa 
argument against the equivalency of age of these formations ; with what 
force, I leave geologists to decide. These same doctrines, carried out in 
their application to other formations, would decide all the tedimentanf 
groups of the Mississippi valley to be distinct from those of New York 
The requirement of specific identity among marine fossils to determine 
geological equivalency can never be fulfilled when sedimentary formations 
are studied over wide geographical areas." 

(9.) The Flora of the Devonian period. — After some general observa- 
tions on the subject, a recent article by Dr. Dawson (Quart, Joum. OmL 
JSoc,j xviii, 296) is here reproduced. In the introductory observation^ 
Prof. Hall discusses the geographical distribution of Devonian and Ca^ 
boniferous plant-bearing beds, and shows that during the Devonian age 
the dry land must have been confined to the northern and northeasten 
portion of the area, whence drifted the fragmentary specimens wbidi 
are found in the rocks of the central portions of the continent; also, 
that during the Carboniferous age, though the land extended farther 
southward, its exposure was not for so long a period, and that the 
northern portion produced a far larger quantity of vegetation, while the 
extreme southwest produced almost or quite noife, the formations of the 
age there consisting of limestones. A few remarks are added upon the 
Catskill group, the exact demarcation of which, however, if it has anj 
real existence, is not yet understood. 

(10.) Preliminary notice of the Fauna of the Potsdam sandstone ; with 
remarks upon the previously known species of fossils, and descriptions of 
some new ones, from the sandstones of the Upper Mississippi valley (with 
five plates). — This article, comprising 91 pages, has also been issued in 
separate form (see below). The title, at first glance, leads us to expect a 
review of all described species, but in fact the eastern species, with one 
exception, are omitted, the reason stated for which is (see pages 184, 210) 
that few have been described from the typical sandstone, most speciei 
referred to this age being from calcareous or shaly layers whose exact 
position is still in question. As this is but a preliminary notice, we msj 
hope that a thorough revision of the whole subject will ere long make its 
appearance. The author suggests a doubt (page 125) as to the generic 
identity of the forms referred to the modern genus Lingula, This article 
contains descriptions of 3 new species of Dicellocephalus (Dikelocephalus 
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» written by Owen), 11 of Conocephalites, besides tbe species before 
known ; and also four new genera of Trilobites — Ptychaspis for the J), 
ifiniseaensis and granulosus of Owen, and Chariocepkalus, Illcenurus, and 
Afflaspis for other hitherto unknown forms. In addition, there are species 
of Arionellus, Triarthrus (new subgenus Triarthrella) and Agnostus. A 
Bnpplementary note describes two other new species of Arionellus, and 
also the interior casts of what seem to be pygidia of a new Crustacean ; 
they are convex and trilobed, with only the narrow middle lobe trans- 
versely sutured, the lateral being broad and smooth ; it is called Pemphi" 
9tuipi9 buUata. Professor Hall observes with regard to the distribution 
of the species of the Upper Mississippi valley : 

" Although I have not been able to recognize the successive Trilobite 
beds of the Sandstone as indicated by Dr. Owen, I can nevertheless refer 
tile species here described to three different epochs in the Potsdam period ; 
and I am not prepared at the present time to suggest any farther subdi- 
vision. In the lower beds of the formation I have found Conocephalites 
proper, together with Lingula, Lingulepis, Obolella ? and Theca. In the 
niddie stage, neither the limits of the beds, nor the range of species or 
fenera, have l)een so well determined ; but grouping together all that I 
Save found between the well-defined upper beds and the lower fossil ifer- 
008 beds known, we have Conocephalites, Dicellocephalus, Arionellus, 
Ftychaspis, Ohariocephalus, Illsenurus and Agnostus, in the trilobitio 
fiinna, together with Orthis and Platyceras. The Graptolitidse apparently 
begin their existence somewhere in this central epoch, but their precise 
relations to the other beds have not been determined. In the higher 
beds of the formation, and clearly separated from the great central mas«y 
we bave the Genera Dicellocephalus, Triarthrella and Aglaspis, together 
with Lingula, Serpulites and Euomphalus. We observe, therefore, that 
the earliest trilobites are referable to the genus Conocephalites ; and the 
genus Dicellocephalus does not appear in the first stages of the formation, 
nor below the beds which I have referred to the second or middle stage 
of the period. There this genus appears in three species, smaller and 
leu conspicuous than those in the higher beds. It is only in the later 
stages of the sandstone, that the typical species of this genus of Dr. 
Owen appear; and those from the lower beds, thus referred by him, 
belong apparently to other genera." * * * 

*' Notwithstanding the successive stages recognized, the physical con- 
ditions kave been very monotonous throughout the entire period ; and in 
the character of the fauna there are similar indications. We find great 
oambers of individuals of one species ; and although recognizing very 
distinctly numerous species, there is a kind of uniformity of character 
and monotony of expression, never equalled by so many species in any 
formation of equal thickness ; or even of much less thickness, where 
• consisting of varied character and conditions of deposit. The multitude 
of individuals of a few species is really wonderful ; for in some beds the 
layers may be separated at every inch, or even half-inch, and yet the 
entire surjface is covered with the dismembered parts of these ancient 
trilobites." 

[We may here remark that the spelling Dikelocephalus, although it is 
that of Owen, the author of the genus, is wrong, and no authority can 
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make right a continuation in the error. The word is from the Greek 
dixeXka and nsfpalrj^ and therefore requires two letters I ; and, also, if the 
k of the second part be changed into e, (as it should be,) the A: of the 
first part ought also to be so changed. The true orthography is therefore 
Dicelloceplialus. — Eds.] 

(11.) Notes and Corrections, — under which head, observations are 
made on Retzia and Lichas. 

2. Preliminary Notice of the Fauna of the Potsdam sandstone^ or 
Lower sandstone of the Upper Mississippi valley. With a letter to If. 
Joachim Barrande ; by Jambs Hall. Albany, Nov. 15th, 1863. 8ro. 
pp. 91, with six plates. — With the exception of the introductory lettar 
to Mr. Barrande, this is simply an extract from the aforementioned 
Regents' Report, in connection with which it is noticed. 

3. Preliminary Notice of some species of Crinoidea from the Waverlf 
sandstone series of Summit County, OhiOy supposed to be of the age of the \ 
Chemung group of New York ; by James Hall. Published at Albanj,* 
November 11, 1863. 8vo. pp. 11. — This paper, published in advanoe j 
from the lYth Report on the New York State Cabinet, contains deecrip- 
tions of sixteen new species of Crinoids, whose relations are partly witli 
species from the western Subcarboniferous limestones, but prineipallj 
with those of the Hamilton and Chemung groups of New York. The 
author expresses the hope, which we beg leave to heartily indorse, that 
this notice may induce explorers to examine other localities on the eame 
horizon. 

4. A Monograph of the Fossil Estherioe ; by T. Rupert Jones, F.G.S, 
Prof. Geol. and Min., Royal Military College, Sandhurst. 134 pp., 4to^ 
with 5 plates. London, 1863. Printed for the Paleontographical So- 
ciety. — Prof. Jones has long made the Estheriffi a special study, and ii 
high authority on all that pertains to them. The memoir contaioi 
detailed descriptions of the known species, illustr'ated by figures. Some 
of the results arrived at by the author are mentioned on page 277 of 
vol. xxxvi, of this Journal. 






VI. ASTRONOMY AND METEOROLOGY. 



1. On the new Planet Eurynome @, (in a letter to the Editors from 
Prof. James C. Watson, dated Observatory, Ann Arbor, Nov. 12, 1865). . 
— In the ephemeris of thie new planet discovered Sept 14, which I sent 1 
you, there is an error in the place computed for Nov. Yth, whidi affects 
the positions assigned by the ephemeris for a few days preceding and 
following that date. The following is a continuation of the epbenierii 
computed from the same elements, and for the purpose of indicating the 
correct predicted place for N-ov. 7th, I comn^mje it with that date. 

The planet is to be called Eurynome, 

Ephemeris of Eurynome @ for Greenwich Mean Noon* 
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The correction to be applied to this ephemeris, Nov. 11th, was 

Aa= +4» Adz=i + 0'-3. 

This agreement is very close, considering the fact that the elements 
were derived from observations made during only the nine days follow- 
ing the date of the discovery. 

On several evenings I have made careful estimates of the magnitude 
of the planet by comparing it with stars of nearly the same brilliancy in 
its vicinity, and adopting Argelander^s scale. 

Date. Mag. Date. Mag. 
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Reducing these estimates to Oct 10th, and taking the mean, giving 
the estimates equal weights, we find, 

Oct 10th, magnitude = 9'3. 

According to the elements already obtained, adopting this determina- 
tion for Oct. 10th, the mean opposition magnitude of the planet, M = 
10*37, and the magnitude when the planet is in opposition will vary 
between the limits 9*0 and 11*4. 

The planet therefore ranks among the brighter members of the Aster- 
oid Group, and it is probable that the final determination will indicate 
that it is brighter than results as above. 

MSTEOROLOOT — 

2. Shooting Stars on the night of Novemher 13<A-14<A, 1863. — Quite 
extensive arrangements were made this year for watching for shooting 
Btars on the nights near Nov. 13th. A circular was issued by the Com- 
mittee on Meteors of the Connecticut Academy, and one by Mr. Robert 
Brown, Jr., of Cincinnati, inviting the cooperation of observei-s. These 
invitations were heartily responded to throughout the country. The 
former arranged for observations on one night, Nov. 13-14th, the latter on 
three successive nights. The reported results are very gratifying. They 
show distinctly that there was a larger number of meteors to be seen 
Nov. 13-1 4th than on ordinary nights, and also than have been seen on 
the corresponding night of years immediately preceding. A radiation 
from Leo is also very distinctly shown. Unfortunately, at nearly every 
station whose latitude is greater than that of New York, the clouds and 
rain prevented successful observation. The following is a brief account 
of observations made. 

(1.) Lieut Gilliss, of the U. S. Naval Observatory at Washington, com- 
municates to the editors of this Journal observations on 213 shooting 
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Btars seen by Mr. Ferguson, Assistant Astronomer, Professors Hall and 
Harkness, and Messrs. Springer, Eastman, Rogers and Harrison, on the 
night of Nov. 13-14th, 1863. The duration of flight was in each case 
estimated, the places of- appearance and disappearance, and the apparent 
magnitude. The observations will be published in detail. The average 
of the estimates of duration is 0*37 sec. In this list there were — 
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(2.) At Haverford College, Prof. Samuel J. Gummere, assisted hj 
Prof. Clement L. Smith, Messrs. James A. Chase, Edward T. Brown, & 
Barney Taber, Allen C. Thomas and R. Morris Gummere, saw 816 shoot- 
ing stars between 10^ 38"^ p. m. and 5^ 16(° a. m. of the same night 
The distribution of the flights through the hours was as follows. 
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Nearly two hundred were located upon the chart, and the lines show a 
decided radiation from the sickle in Leo. 

About seventy of them were among those seen at the Naval Observa- 
tory in Washington. The paths of more than fifty can probably be 
computed. 

(3.) Mr. B. V. Marsh, at Germantown, watched from 1^ to S** 20™ A.M. 
Mr. Philip H. Strubing assisted in keeping the record. Mr. Marsh saw 
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Total in 4^ 20«», 97 " 

There were no clouds, but the air was hazy and stars near the horizon 
were invisible. The time lost in making the record was estimated at not 
less than 16 per cent. This gives 26 per hour for one observer. 

About seven-eighths radiated from the sickle in Leo, or from near 
e Leonis. One or two left lasting trains, one being visible at least 45 
seconds. 

(4.) Mr. H. D. Vail, assisted by Mr. Wra. G. Rhoads and Mr.Tho8.H. 
McCollin, observed at Philadelphia. They recorded 55 paths, 15 or 20 
of which appear to have been seen at Washington. Mr. C. J. Allen of 
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Eliiladelpliia reports the apparent pa4hs of six meteors of the first mag- 
nitude. 

(5.) Mr. Benj. Hoopes, of Westchester, Fa., sends 56 observed paths, 
many of which were of meteors also seen in Washington. 

(6.) At Easton, Pa., Messrs. E. Menline, Chas. Sitgreaves, and A. F« 
Beckdolt observed 27 paths. 

(7.) To the North and East of these stations the clouds and rain pre- 
vented observation almost entirely. Rev. H. 8. Osborn, at Belvidere, N. J., 
saw three. Homer G. Newton, M.D., and Mr. T. W. Twining, at Brook- 
lyn, saw six. At New Haven, Prof. W. D. Whitney, A. W. Wright, 
Ph.D., J. W. Gibbs, and Mr. Hewitt, with a large party of students, were 
watching and saw only 32 from 9^^ p. m. to 1^ a. m. The air was very 
bazy, and after half past one the sky was entirely covered. The paths 
traced after eleven o'clock indicate a radiation from Leo. 

A party of six persons went from New Haven to Hartford, but we were 
able to see only imperfectly for two hours in the evening. Hon. J. H* 
Trumbull was watching with us. Sixteen meteors were seen between 0^^ 
and 11^^ p. M. Most of the time Polaris was scarcely visible through the 
haze. After half past eleven p. m., not a star was to be seen during the 
night. 

Two only of these sixteen meteors were observed at New Haven. On© 
at 9^ 30°* was first seen at an altitude of 57 English statute miles, and 
disappeared at an altitude of 49 miles. The length of path was 21 miles, 
and its estimated duration of flight three-fourths of a second. The other, 
at 0^ 43°>, appeared at an altitude of 65 miles, and disappeared at an 
altitude of 30 miles, its course being nearly vertical. The estimated 
duration of flight was 2 seconds. Neither of these could have belonged 
to the November group. The velocities are 28 and 18 miles per second 
respectively. 

(8.) Capt. C. E. DnttoD, at Norfolk, Va., began to observe at 3** a. m. 
of the same night, with an assistant. Both looked to the constellation 
Leo, and they saw during the first hour 36 meteors, most of them very 
small. The paths of all but four, if traced back, would pass through the 
region bounded by the sickle in Leo. During the next half hour they 
looked in opposite directions, and saw in that period 43 meteors. 

(9.) J. H. Worrall, Ph.D., at West Chester, Pa., watched alone in the 
opeu air on the four mornings from Nov. 11th to Nov. 14th. The fol- 
lowing are the numbers seen. On each morning, except the second, he 
watched two hours, on that morning an hour and a half. 

Nov. nth. Nov. 13th. Nov. ISth. Nov, 14th. 
From 3^ 46»n to 4>» 46'n, 12 3 10 30 

" 4 45 " 5 46 5 1 12 19 

Hourly average, 8*5 2'1 1 1 24*5 

On the first morning the sky within 25® or 30° of the horizon was ob- 
scured by the haze. The star a Ursae Minoris was clearly visible. On 
the second morning the sky was a little more obscured. The third morn- 
ing the above named star was just discernible. The haze was not so 
thick on the fourth morning. On the morning of Nov. 15th it rained. 

(10.) Mr. Francis Bradley, of Chicago, 111., says that "on the night of 
Nov. 12-1 8th it was cloudy until midnight, and our company of observers 
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dispersed. At 2 o'clock, a. m., No^ Idth, I arose and found it partially 
clear, few or no stars being visible below an altitude of 30^ or 40^. Tbs 
rest of the sky was a little dim. Up to 3 o'clock I saw three flights, 
from 3 to 4 o'clock two, and from 4 to 6 o'clock only/otir. Among ths 
whole only 3 or 4 were conformable. There was not apparently the 
usual number seen. Undoubtedly the haziness obscured some, as thers 
were almost as many impressions of flights as I counted of meteon 
actually seen. There would*seem to have been not the slightest indiea* 
tion of an approaching shower. The following three or four nighta weie 
cloudy and rainy." 

(11.) Prof. O. N. Stoddard, of Miami University, at Oxford, Ohio, aided 
by a number of members of the Senior Class, observed on the nights of 
Nov. 11th and Nov. 12th. The next night was cloudy. The following 
are the numbers seen : 

lOh tollh llh tol2h 12h tolh Ih to2l» 2k togk 
Nov. ll-12th, 16 19 28 20 22 

** 12-13th, 10 36 40 48 — 

Of those seen the first night, 67 were conformable, or 64 per cent Oa 
the second night 76 were conformable, or 59 per cent. There were seea 
in the N.E. 44, in the S.E. 41, in the S.W. 45, in the N.W. 70, and in 
the zenith 34. During the first night the southern part of the heavens 
was partially obscured several times for a few minutes by light fleecy 
clouds. The larger number seen the second night cannot however bt 
entirely explained by the greater clearness of the atmosphere. 

(12.) At St. Louis, a party under charge of Prof. Chauvenet succeeded 
in mapping 23 paths between half past eight and half past ten, f. m., 
Nov. 13th. The sky which had before been partially obscured then 
became entirely covered with clouds. 

(13.) Mr. Robert Brown, Jr., of Cincinnati, Ohio, arranged for ta 
extended series of observations and invited assistance from observers at 
other places. He proposed to watch for a certain number of hours on 
three consecutive nights, from Nov. 11th to Nov. 14th. Although the 
third night was cloudy at some stations, Mr. Brown reports very gratify- 
ing success. Observations were made at the following stations by parties 
under the direction of the professors named. 

At Oxford, Oliio. by Prof. 0. N. Stoddard. 

*' Hillsborough, Ohio, '* Prof. Matthews and Messrs. Edwards and McEibben. 

" Marietta, " " Prof. Evans. 

Pittsburgh, Pa., " Profs. Woods, Bumham and Bradley. 

Bloomington, Ind., " Profs. Wylie and Kirkwood. 

College Hill, Ohio, " Prof. Tuckerraan. 

** Richmund, Ind., " Profs. Morgan and Moore. 

" Gambier, Ohio, " Prof. Hamilton L. Smith. 

** Frankfort, Ind., ** Mr. J. B. Rence. 

** Nashville, Tenn., " Rev. J. Berrien Lindsley, D.D. 

** Louisville, Ky.. " E. A. Grant, LL.D. 

" Cardington, Ohio, « Mr. M. Allen Armstrong. 

•* New Albany, Ind., " E. S. Crosier, M.D., U. S. A. 

•* Crawfordsville, " " Prof. J. L. Campbell, 

" Hanover, " « Prof. S. H. Thomson, 

** Cincinnati, Ohio, '* Messrs. Robt. Brown, Jr. and C G. Boemer. 
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(14.) The following observers have reported that they were prepared 
) watch on the night of Nov. Idth, either alone or with others; viz., 
^rof. J. D. Everett, Windsor, N. S., Mr. E. W. Morley, Andover, Mass., 
If. Horace Bumstead, Boston, Mr. F. W. Russell, Natick, Mass., Mr. Esty, 
Lmberst, Mass., Mr. R. Norman Foster, Northampton, Mass., Mr. Hiram 
L Cutting, Lunenberg., Vt, Mr. Searle, Newport, R. L, Rev. Wilder 
imiUi, Berlin, Conn., Mr. G. W. Hough, at the Albany Observatory, 
tobert Van Arsdale, Esq., Newark, N. J., Mr. C. S. Woodward, Ypsilanti, 
lich.. Prof. James C. Watson, Ann Arbor, Mich., Mr. A. F. Bandelier, 
r.. Highland, 111., Mr. I. A. Lapham, Milwaukee, Wis. 

It is probable that the denser portion of the November flock is of no 
ppeat thickness, and that the earth passes through it in a few hours. If 
io, the display of meteors in great numbers could not be seen in the same 
fear in all parts of the earth. Moreover, if the shower comes on succes- 
nve years the region of maximum display should move each year a little 
more than six hours in longitude westward, since the annual period is 
between six and seven houra more than an even number of days. In 
1832 there was a display in Europe; in 1833 one in America. Yet the 
tame shower should evidently be visible through several hours (not less 
han six) in longitude. 

According to the observations this year there appears to have been a 
edine of numbers towards morning. We should naturally expect an 
icrease until daybreak, since their frequency it would seem should be 
iroportional to the sine of the angle of elevation of the radiant. If the 
lecrease is real and is due to a diminution of the numbers entering 
he atmosphere, we may conclude that the longitude of the maximum 
lisplay is less than 5 hours west of Greenwich. Possibly the European 
)bservations this year will decide this point. 

It is well worth observing whether there is a four years period for any 
nngle longitude, as might be expected from a ring of small thickness. If 
we are to have in 1866 a return of the display of 1833 there is some 
reason to suppose that it will be more remarkable in Europe than in 
America. h. a. n. 

Additional Communications, — After the foregoing abstract by Professor 
Newton was in type, full Reports were received from Prof. A. D. Bache, 

Superintendent of the Coast Survey, and from Prof. Hamilton L. Smith, 
of Eenyon College. 

The Coast Survey observations were made on the 13th-14th, at a 
locality in Washington (lat. 38* 52' 68", long. 76* 59' 32"), by a corps 
nnder direction of Mr. Charles A. Schott, Assistant of Coast Survey, and 
composed of himself with Mr. L. F. Pourtales, Assistant Coast Survey, 
and Messrs. J. Main, A. Zumbrock, W. T. Bright, L. Karcher, J. Downes, 
md H. Main, — eight observers, — and to each certain portion of the 
beavens two observers were generally assigned. Magnitudes were noted, 
md also the instants of flight to the nearest half second on a chronometer 
>f known error and rate, and with a free command of the heavens down 
■o 15* above the horizon, which was beclouded. The durations of flight 
Jvere recorded in forty-nine instances. From 8 p.m., Nov. 13, to 2 a.m., 
N^ov. 14, one hundred and seven flights were recorded and more than half 
:>f them mapped upon the star chart as follows: — 

Am. Jovr, aoL—SEcoim SsBiEa, Vol. XXXVII, No.lW.— Jis.,\^Bft\. 

19 
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At 10>a 51^ after midnight, and also at ll>o 30^, large and splendid 
meteors, the first from 5^ N.E. of Sirius and the second from 3^ £. of the 
same, moved west 60^ in the first instance, and 50^ in the next, bodi 
nearly parallel to the equator, and the last directly across Sirius. 

The durations varied from 0^*1 to 1**00, and they average 0**41 for tlis 
forty-nine estimated. 

At Kenyon College the night of the 13th-14th was entirely ohscured, 
and that of the 12th~13th partially. There were, however, in 331 min- 
utes after 10^ 20"^ p. m., one hundred and ninety-nine meteors seen, vii: 
N.E. 36, N.W. 36, S.E. 68, S.W. 17, N. 1, K 7, Zenith 43, S. 2. Oi 
the night previous (llth-12th), in 210 minutes, from 11* 22" p.m., to 
ahout 2* 62°^ A. m., one hundred and eighty-five meteors were seen, vii : 
N.E. 50, N.W. 21, S.E. 68, S.W. 24, N. 3, E. 4, Zenith 16. The mag- 1 
nitudes were noted, and also the instants of flight, and, in numerous instan- 
ces, the duration. The last varied from 0**26 to 1**60, but their aven^ 
requires further inquiry and examination. Many of the flights are mapped 
on the chart, and these vary in arc from 2° to 26^. One of the longest 
lies in Perseus and remarkably exhibits a continuous curve, having iti 
termination about at right angles to its beginning. 

Both of these Reports will be treated more in detail hereafter, when tlie 
entire mass of returns shall have been collated and discussed, a. c. t. 



VII. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. Expedition to the Desert of Sahara under Messrs, Martins and Eh 
eher von Linth, — Through the kindness of a friend we are enabled to 
give the following information relating to an expedition now in progroi 
from Switzerland to the Sahara' desert, under the direction of Messn. 
Martins and Escher von Linth. 

The expedition left Switzerland on the 11th of October last and reached 
Algiers on the 18th. From there, they went to Philippeville and Con- 
stantine, and thence started for Batna and Biskara, and were at the lat- 
ter place on the 2 2d of November. They were to take camels at Biskara 
and journey for many days over the desert. Their chief object is to as- 
certain whether the great desert was the former bed of an ancient sea. 

On reaching the "Col de Spa," "a kind of embrazure in the last chain 
of mountains to the north of Biskara," they came at once in sight of the 
endless Sahara. The letter observes : 

''They also, like the French soldiers twenty years ago, and the Roman 
Legions seventeen centuries before, could not help crying, * the wo, th 
seay transported as they were by the impression of the immensity of the 
tableaux. Another solemn moment of their journey was -the passage of 
the *• cluse' of El Kantara, where, after a long walk in a most barren and 
^desert country, they perceived also, on a sudden, the Oasis of Biskara d^ 
lineating itself in the most delightful manner with its palm-trees loaded 
with their gilded fruits. The contrast between the icy solitude of St 
Gotbard and the lovely gardens of Lago Maggiore is certainly striking, 
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bat it is far less complete and especially less sudden than that which 
the J witnessed from El Kantara." 

•* In the Oasis of Biskara they met the finest of weather,J 17** C. 
(=62^^ Fahr.) in the shade. The little hotel where they alighted is 
surrounded by a garden as fine and as green as in Switzerland in tlie 
month of July — the fig, mulberry, and pomegranate trees retaining still 
all their leaves which do not at all appear to be willing to fall yet. The 
vine still forms dense hedges, hanging full of enormous late grapes, and 
the pomegranate trees bend under the weight of their heavy fruits.'' 

2. Mount Hope Nurseries^ Rochester^ N. Y. — In vol. xxxiii, p. 430, 
was published a short notice of Bonapartea juncea. The prospect of 
maturing some seeds was there mentioned. This proved to be reality. 
Kear the upper part of the stem, seeds were found which, on being 
planted, germinated, and a few days since I saw there three young plants 
of the Bonapartea flourishing finely. 

The head of the old plant slowly decayed, a part of the leaves fell off, 
80 suckers or shoots have appeared, and by another summer the plant 
fill have died. 

It is now known, if not ascertained before, that the seeds of this plant 
' will ripen in a warmed conservatory. 

Many and splendid additions of exotics have been made by the pro- 
prietors. The air-plants, Tillandsia pulchella and lini/olia, were in full 
bloom a few weeks since, growing upon a dry stick a few inches long, 
besides others of the Orchis family. o. d. 

Rodiester, N". Y., Sept. 1, 1863. 

3. The Chemical Chair in Berlin^ made vacant by the lamented death 
of Mitscherlich, has been declined by Bunsen, who could not be induced 
to leave the circle of friends he has drawn about him in Heidelberg. 
Dr. Hofmann, of London, has since received the proffer of the place, but 
he it is said also hesitates, feeling himself, if he should conclude to leave 
London, under obligations to go to Bonn, where they have offered to 
place $100,000 at his disposal to organize a laboratory and school of 
sdeoce. It will be a matter of surprise if he is tempted to leave London 
for either place. 

4. Prof, Watson^s new Asteroid @ Eurynome^ was independently ob- 
served also by Temple at Marseilles on the 3d or 4th of October, at Leip- 
tic on the 4th of Oct., and at Vienna Oct. 6th, which observations are 
published in Astr, Nachtr,^ Nos. 1440 and 1441. Prof. Watson's obser- 
vations from Sept 1 4 to Sept. 23 at Ann Arbor, are given in Astr, Nachtr,^ 
No. 1442, and in this Journal for November, 443. See also this number, 
p. 140. 

5. Prof. OoDKN N. Rood. — Prof. R<5bd, formerly of Troy University, 
and well known by his numerous able physical papers in this Journal, 
lias lately been elected to the Chair of Physics in Columbia College, New 
York, and will enter upon his new duties at once. 

Book NoncES.— 

1. A Text-book of Geology ; designed for Schools and Academies, hj^ 
James D. Dana. 356 pp. 12mo. Illustrated by 375 wood-cuts. 1864. 
Philadelphia, Theodore Bliss <fe Co. Price $1.75. 

In the preparation of the Text-book the general plan of the " Manual 
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of Geology" lias been followed. Geology has been treated as a history,^ 
a history of the geographical changes of the globe, or those of its conti- 
nents and seas, through the successive ages, and also a history of the 
progress of life from the earliest species to Man; and the illustrations of 
the science have been mainly drawn from American rocks, so that the 
work, while a general treatise, is eminently a geological history of the 
Ameiican continent. 

Although an abridgment of the ^ Manual," it is not a patchwork of 
extracts from it. The whole has been entirely rewritten and thrown into 
a new form, in order to adapt it to its special purpose and give it the 
unity of an independent work. It covers the same broad ground with 
tlie larger volume, exhibiting like comprehensive views of the science; 
but the facts and principles are presented in a briefer manner and a more 
simple style, and at the same time with full illustrations by means of 
sections, views, and figures of fossils. 

The work is intended to meet the wants of schools, academies, and 
other literary institutions, and not less those of the geneial reader who 
would obtain a knowledge of geology without entering into it« many 
details. 

2. A Tract on Crystallography^ designed for the use of students in tkt 
University ; by W. H. Miller, M.A., For. Sec. R.S., F.G.S., etc. 86 pp^ 
8vo. Cambridge, 1863. — This volume is properly an introduction to 
Prof. Miller's system of Crystallography, and will be weieomed hy all 
students of his system. It contains an investigation of the formulae for 
crystailographic calculations used in his method, together with some 
additional theorems on the general properties of crystalline forms. 

3. Descriptions of the Fossil plants collected hy Mr, George 6ibb$^ 
Geologist to the U. S. Northwest Boundary Commission under Mr. A. 
Campbell, U. S. Commissioner; by Dr. J. S. Newberry. (From the Bos- 
ton Jour. N. Hist., vol. vii.) — The plants here described were collected 
on Vancouver's Island, Orcas Island, and at Bellingham Bay, etc., on the 
coast of Washington Territory ; and those of the first mentioned locality, 
including Aspidiufn Kennedyi N., a Sabal, undescribed, Taxodium cunea* 
turn N., Populus rhomboidea Lsqx., and Ficu^ ? cuneatus N., are from 
the Cretaceous, and perhaps also those of Orcas Island. 

4. Reminiscences of Amherst College, Historical, Scientific, Biographi- 
cal and Autobiographical, &c. ; by Edward Hitchcock. Northampton, 
Bridgemain ^S? Chi Ids, 1863. 12mo, pp. 412. 4 plates and a map of 
the Geology around Amherst College. — It was fit that the venerable 
cx-Fresident of Amherst College should, as the closing labor of his long 
and laborious life spent in the service of education and science, record 
his personal reminiscences of the institution with which his name and 
fame are inseparably connected. The book is a reflex of the man— full 
of simple, almost childlike, earnestness^ concealing nothing, not even his 
personal expenses. The reader sees without <iisguise all the springs and 
machinery by which, with admirable skill and patience, a well endowed and 
prosperous institution has been made to rise from the rts angusta*. domi^ 
almost res adversce, of its unpromising beginnings. What Dr. Hitchcock 
has done for science in connection with the inception and growth of its 
various departments in Amherst is here made apparent, not bjr any boast- 
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fill or self-laudatory statements, but inferentially from the simple thread 
of history. 

On another occasion we may return to this volume for some valuable 
statistics of the scientific departments at Amherst. A full list of Dr, 
Hitchcock's numerous publicHlions is given, amounting in all to no less 
than 171, of which 24 are distinct volumes and 61) are on scientific 
subjects. 

6. Prick's Physical Technics,^ — We cordially commend this book to 
all teachers of physics and especially to those whose situation or circum- 
stances cut them off from access to a good collection of physical instru- 
ments. The arrangement of the book follows Mtiiler's text book, many 
of the figures of apparatus being identical. While the most expert 
demonstrator may gain some useful hints from Dr. Frick's book, the less 
experienced teacher and student will find it an invaluable vade mecum in 
the physical laboratory. It is beautifully printed on tinted paper and 
Dr. Easter's translation is thoroughly good English. 

6. Waltz's Introduction to Anthropology^ translated from vol. i of the 
Anthropologie der Naturvolker^ by J. T. Collingwood, F.G.S., F.R.S.L., 
and published for the Anthropological Society of London by Longman, 
Green, Longmans and Roberts. — This work sustains the idea of the 
unity of the human race. We have not yet seen a copy of it, but learn 
from the notices of it by reviewers that differ from the author in his 
conclusions, that it is a work of profound learning and thoroughness, and 
great fairness and philosophical acumen in the treatment of the subject. 

7. Petroleum vein in Northwestern Virginia ; by J. P. Lesley. (From 
the Proc Amer. Philos. Soc, vol. ix, 1863.) 

OBITUARY. 

Henry Fitz. — The death of Mr. Henry Fitz has inflicted an almost 
irreparable loss upon that large class of scientific men whose apparatus 
is the product of the optician's skill, while those who knew him person- 
ally and appreciated his frank and generous character must feel that his 
vacant place cannot be filled. 

It is not saying too much to assert that Mr. Fitz has done more to pop- 
ularize Astronomy in this country than any other man. In former days 
good telescopes were only to be had by importation from Munich, at a 
cost and delay which amounted to a prohibition. Mr. Fitz, bringing to 
bear a rare mechanical skill, a wonderful ingenuity, and a hopeful enthu- 
siasm which no obstacles could resist, placed within reach, at a moderate 
cost, instruments of fine optical quality, while his practical and cheap 
equatorial mounting gave to every observer the advantages which were 
hitherto enjoyed only in fixed observatories with costly instruments. 

Mr. Fitz was entirely a self-taught optician, and like his friend and co- 
worker, Mr. Clark, of Cambridge, was indebted solely to his own ingenu- 
ity and reasoning powers for all his methods and manipulations. It is a 

' Physical Technics ; or Practical instructions for making czperinQents in Physics 
and the construction of Physical Apparatus with the most limited means. By Dr. 
J. Frick, Director of tlie High School in Freiburg, and Professor of Physics in the 
Lyceum. Translated by John D. Easter, Ph.D., Professor of Natural Philosophy 
and Chemistry in the Uiuversity of Georgia. Philadelphia : J. B. Lippincott it Co., 
1862. 8vo, pp.467. 



M M 

U i( 



150 Miscellaneous Intelligence. 

little remarkable that both of these American opticians were many yean 
since independently conducted by their investigations to the method of 
local correction for optica) surfaces ; a method described lately in the 
French Academy by M. Leon Foucault, as a new discovery of his own, 
which he claims to be of the greatest importance to practical optics. It 
is not intended to impugn the originality of Mr. Foucault's discovery, but 
simply to record the priority of American invention — it is within the 
knowledge of the writer that Mr. Fitz used the method of local correction 
as early as the year 1846. 

The largest telescope completed by Mr. Fitz was of thedialitic construe* 
lion, having an aperture of 16 inches. It is mounted in the private ob- 
servatory of Mr. Van Duzee, of Buffalo. 

The principle achromatic telescopes made by Mr. Fitz are located as ' 
follows : 

One of 13 inches aperture at Alle&:hany City, Penn. 
" " 13 " " Dudley Observatory, Albany, N. Y. 

" ** 12 " " Ann Arbor, Michigan. 

" " 12 " " (not yet mounted) at the Vassar College, 

Poughkeepsie, N. Y. 
•" ** llf. " " the private Observatory of Mr. L. M. Rath- 

erfurd, New York City. 
10 " " U. S. Military Academy, West Point 

9f " ** piivate Observatory of Mr. Yickars, Balti- 

more. 
" " 9 " " belonging to the Hon. Mr. Letsome, British 

Charg6 to Monte Video. 
" " 8f " " Elmira Female College, N. Y. 

** " 8 " " Haverford College, Penn. 

•* " 8 " " private Observatory of Mr. John Campbell, 

New York City. 
" " 6^ *• " constructed for the U. S. Astr. Expedition 

to Chili, and now there. 
" " 6J ** " private Observatory of Mr, Robert Van 

Arsdale, Newark, N. J. 

Mr. Fitz's optical labors were not confined to the production of teles- 
copes, but almost immediately upon the announcement of the discoveries 
of Daguerre and St. Victor, he constructed cameras, and was, I believe, 
the first to produce a camera capable of working in a practical time for 
portraits. 

At the time of his death he had just perfected a view lens of great 
merit, which compares most favorably with the justly celebrated globe 
lens of Harrison & Schnitzer. 

Within the compass of a short notice it would be impossible to enu- 
merate all the instrumental additions and simplifications for which the 
scientific world is indebted to Mr. Fitz, and perhaps it would not be in 
the power of any one person to recall them all : they could only be gath- 
ered from a comparison of the experience of those who knew and reaped 
the benefit of his fertile ingenuity, the achievements of which were rarely 
alluded to in his modest and unostentatious conversation. 
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Mr. Fitz has left with his bereaved family precious legacies of experi- 
ence and material which it is hoped will enable them to continue his op- 
tical labors in a worthy manner. 

Prof. E. Emmons. — Died, at his plantation, in Brunswick, N. C.,' Oc- 
tober Ist, 1863, Professor Ebbnbzbr Emmons, M.D. Born in Middlefield, 
Mass., in 1798, he was graduated at Williams College in the class of 
1818. He studied medicine and received the degree of M.D. from the 
Berkshire Medical School in 1830. In his Alma Mater he was Professor 
of Natural History from 1833 to 1859, and \?as then appointed to the 
chair of Mineralogy and Geology. While a member of college,, his 
studies were directed towards the departments of natural science by 
attending the lectures of Prof. Amos Eaton, who then began that course 
of lecturing and teaching by which so many hundreds of young men 
were made active lovers of natural history, an era in which this science 
had its beginning in our country. When the geological survey of the 
state of New York was commenced. Dr. Emmons was appointed one of 
the /our geologists between whom the State was divided into four great 
sections ; and to him was assigned the N.E. portion of the State on the 
coast of Lake Ontario and south to the counties of Herkimer, Lewis and 
Saratoga, as the divisions were in 1842, when his report was published. 
Dr. Emmons removed from his home in Massachusetts to Albany, that 
he might be in the centre of the great geological survey. There he was 
made a Professor in one of the chairs of the Albany Medical College. 
To his Geological Report, he added successive reports on the agriculture 
of the State. At length he was appointrd to the Geological Survey of 
North Carolina by its Governor. He prosecuted that survey with great 
industry and success, and made several important discoveries of un* 
known fossils of animals; and becoming interested in some lands, he 
removed his family there, the more easily to complete the survey. There 
the rebellion found him, and he was not permitted to return to the north. 
There his life was closed. On his exhibition of his fossil collections in 
North Carolina, at the meeting of the Scientific Association at Albany in 
1856, Professor Agassiz stated that the discoveries were of a higher 
character in geology than any published for years. 

The offices Dr. Emmons held show the public estimate of his qualifica- 
tions and acquisitions. His labors show that this estimate was not too 
high or misplaced. 

In his Report on the Second (his) District of New York, which before 
his examination was unknown as to its geology, Dr. Emmons gave a lucid 
and full view of the rocks and their relations, and chapter vii and the two 
following contain his " Taconic System," or the rocla between the fossil- 
iferous of Eastern New York and the primary rocks of the western part 
of New England. In the Report on the Agriculture of the State, pub- 
lished in 1843, Dr. Emmons gave an expanded and interesting view of 
the Taconic System. Though opposed by some of his associated geolo- 
gists and by some others of high distinction, the author has found 
support in some distinguished geologists of Europe. Dr. Emmons died 
as he had lived, an honest man, a warm hearted friend, a loyal citizen, 
and an humble and consistent christian. o. d. 
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III. — The Classificalion of Animah based on the prindph 
halization ; by James D. Dana. — No. III. Classification 
'bivores^ 

)rincip1e of cephalization and its applications rest on the 
g simple facts: 

La animal is embodied or concentred force, which force 
s polarity in the results of its action in development, that 
e oppositeness of the anterior and posterior extremities 
bructnres evolved and also in the dorso- ventral relations 
structures. 

'he priman/ potential centre is in the head, or more pre- 
n the cephalic nervous mass — an animal being funda* 
f a cephalizcd organism. But, besides this, there may 
)r more stcondary centres. 

Ipecies differ (a) in the amount of force concentred; 
le degree of control of the systemic force over vegetative 
and development; (c) in the distribution of the force 
iie principal (or fore-and-aft) axis — that is, in its being 
rated mainly anteriorly, or diffused, to a greater or less 
from the cephalic extremity posteriorly toward the cau- 
emity or pole. 

LMic differences just mentioned «ire expressed in the struc- 
the organism ; and all such expressions are necessarily 
ions of grade. 

lach of these kinds of differences must have expression, 
pparent, (a) througli the various circumstances attending 

rticle I, see the last volume of this Journal (yol. xxzvt), pp. 315, 440; and 

J II, this volume, p. 10. 

rs. 3oi.— Sjccono Sbribs, Vol. XXXVII, No. 110.— Ma&ch, 1864. 



158 Dana on the Classification of Animals 

development or growth, and (/>) through all the steps in the 
progress of growth, as well as (c) in the resulting structures. 

The above general facts are at the foundation of all the 
methods of cephalization, or decephalization, pointed out in Ar- 
ticle I. They receive further illustration in the pages beyond, 
and special explanations on pages 175 to 182. 

This subject of cephalization throws new light, as has been 
shown, on the limits and gradal distinctions of groups. The 
characteristics which it aflFordSy like all others appealed to in 
classification, cannot overrule affinities based on obvious resem* 
blances in type of structure. Their object or use, on the con- 
trary, is rather to exhibit the affiliations and distinctions of types 
by presenting new views of their relations and making manifest 
the true basis of all affinities. Between diflferent types of struc- 
ture there is generally a difference of grade, which is evinced in 
characters that indicate different degrees of cephalization. 

It follows fjom the nature of the principle that both high and 
low cephalization, although oppositesj should often lead to similwr 
results ; as, for example, to abbreviations anteriorly and poste- 
riorly in animals generally — to memberless abdomens in Crusta- 
ceans — to small wings in Insects, etc. (Art. I, pp. 837, 440). This 
evolving of approximately like results from the opposite ex- 
tremes of cephalization is one source of the difficulties in the 
subject of classification. But the law cannot, on account of the 
trouble it may give, be condemned ; for, as I have before re- 
marked, it is in accordance with universal truth that smallness, 
or circumferential contraction, should proceed both from concen- 
tration, and from lack of quantity, although these are opposite 
conditions. The difficulties in the way of a right use of the 
principle of cephalization are, therefore, in nature, and must be 
met by the only legitimate means — thorough study. 

Many errors in the attempts to present to view the system of 
nature have arisen from confounding cases that, as above ex- 
plained, are widely diverse. The writer would not claim to be 
always right in his own interpretations; for he is well aware 
that far profounder knowledge is requisite for unfailing accuracy. 
But he believes that the principle appealed to is right and fun- 
damental ; and if he ventures to present new classifications of 
departments in zoology in which adepts in tliese departments 
have made trials with diffierent results, it is only to offer such 
illustrations of the principle in view as will serve to exhibit the 
methods of its application and its various bearings. 

In the first article on this subject, after explanations of the 
general subject of cephalization, the higher subdivisions of the 
animal kingdom were considered. In the second, one of the 
Orders was reviewed and an arrangement given of its subdivi- 
sions, down to the grade of Tribes. In the present, the classifi- 
cation of a Tribe is followed out, down to the grade of Families. 
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Classification of Herbivores. 

Under the order of Megasthenes,* the tribe of Quadrumanes, 
ifi stated on p. 884, Art. I, is properly hypertypiCj that of Cami- 
Tores superior typical^ th^t of Heroivores inferior typical^ and that 
of Mutilates (or Cetaceans) hypotypic. 

I, Distinctions between Herbivores and the tribes next superior and 

inferior. 

A. Herbivores shov their inferiority to Carnivores, or the 
superior typical group of megasthenic Mammals, on the basis 
of the principle of cephalization, in the following ways : 

(1.) In the fore-limbs being defunctionated of the power of 
prehension and reduced to simple locomotive organs. 

(2.) In the fore-limbs being not as much superior to the hind- 
limbs in strength as in the Carnivores, and even inferior to the 
hind-limbs in some species,— Herbivores, being less strongly 
prosthenic than Carnivores, and the species of the larger and most 
characteristic group being metasthenic. 

(3.) In the structure being strongly amplificate. — ^Taking the 
Lion as the standard of size for the highest grade of life among 
typical Megasthenes, the Elephant — certainly inferior in type, 
and, therefore, also in degree or quality of systemic force — 
exhibits inferiority likewise in its great bulk; it is a marked 
example of a gross-amplijicate structure. Hogs and the related 
species are no less gross-amplificate, but on a feebler life-system. 
Again, the Horse and also all Buminants are hng-amplificate^ as 
appears strikingly in their lengthened limbs, especially the ex- 
tremities of the limbs, and, also, in the neck and body. 

(4.) In the head being prolonged or amplificate. — Even the 
Elephant is here no exception ; for the great tusks and trunk 
correspond to an elongation of the head extremity, their devel- 
opment being at the expense of the jaws and of part of the teeth. 
In the Horse, the facial part of the skull is four times as long as 

the cranial portion. (See p. 165.) 

• 

* la order that the position of Herbivores, as recognized by the writer, may be 
clearly understood by the reader, I repeat here the arrangement of the higher 
divisions of Mammals proposed in the number of this Journal for January, 186S, 
(vol. xzxv, p. 66), presenting the tribes of Megasthenes and Microsthenes, as before, 
in parallel columns in order to exhibit their parallel relations. 



Order I. Man. 



Order II. Meoasthenxs. 

1. Quadrumanes. 

2. Carnivores. 
8. Herbivores. 
4. Mutilates. 



Order III. Microsthenes. 

1. Chiropters or Bats. 

2. Insectivores. 
8. Rodentf. 

4. Edentates. 



Order IV. Ootocoids. 
Marsupials and Monotremes. 
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(7.) In tbe extremely wide variations as to size and shape 
under the type, and the occurrence of bizarre features. — As, for 
example, (1) in the existence of horns on the forehead or nose; 
(2) iu the nose being prolonged into a proboscis; (3) in the 
teeth being sometimes elongated into tusks which have the size 
and function of horns, and might be called ^a a;- Aorw*; (4) in tbe 
limbs and neck having sometimes extravagant length ; (5) in 
abnormal growths on the body, as in the bump of the Camel 
and the Brahmin Ox, the dewlaps of Oxen, etc. 

(8.) In the forehead, in very many species, being perverted to 
serve for defense or attack ; and the nose sometimes for pirehen- 
sion, digging, etc., as well as defense. 

(9.) In the typical species being elliptic as regards one or 
more of the four types of teeth in one jaw or both, this deficiency 
in the dental series being a characteristic of the type; also in a 
void interval in the series of teeth between the molars and 
canines in the same typical species. 

(10.) In being prematurative in development, the young ani- 
mal having the power of sight and locomotion almost as soon 
OS born. 

Tbe abnormal outgrowths from the body or skeleton of He^ 
bivorcs — as of horns on the forehead or nose, of a proboscis by 
an elongation of the nose, of tusks, horn-like in function, by 
an elongation of teetli, of humps of fat as in tbe Camel — serve to 
show, and even, if possible, more strikingly than the tendency 
to amplificate structures, that the vegetative force in Herbivores 
is far less under systemic control than in Carnivores. The Car- 
nivores may be styled a tight type, the Herbivores remarkably a 
loose one. Stepping over the line from Carnivores to Herbivores 
is passing from a group of marked regularity to one full Af ab- 
normities. 

B. — The superiority of the urosthenic aquatic Herbivores (Si- i 
xenians) to the Mutilates (Cetaceans) is exhibited in their — j 

(1.) Having the nostrils never aefunctionated, nor perverted 
to blowholes, these organs being essentially like those of terres- 
trial Mammals. 

(2.) Never being multiplicate as to the number of phalanges, 
or joints, of tlie digits. 

(3.) Never being multiplicate as to the teeth. 

(4.) Never being so elementalized as to the teeth that the dis- 
tinction into tbe different types (molars, etc.) is lost (Mutilates, 
like Reptiles, having the teeth all of a kind). 

(5.) Having the primary potential centre (p. 157) never abnor- 
mally remote from tbe anterior extremity. 

Some species of Cetaceans (Bala^nae and Physeters) have, like 
the Limulus among Crustaceans, one-third to one-half of tbe 
length of the body anterior to the base of the jaws, so that 
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the primary centre (or that of th£ brain) is very remote from the 
anterior extremity — thus approximating to the position it has 
in the Badiates, and showing a low grade of decephalization. 
See on this point, Art. I, p. 828, and beyond, p. 179. 

Mutilates consequently differ from aquatic Herbivores funda-' 
mentally in (a) being muUfplicate structures, as manifested in 
their limbs and teeth, as well as in the less important fact of great 
length of body behind; and also (b) in being more elementalized 
structures, as shown in the reptile-like teeth. The type is 
eminently, therefore, a multiplicate and elementalized type, and 
thus stands apart from that of the Sirenians.' 

2. JProsihemCj metasthenic and urosihemc distinctions among Her* 
bivores, — The distinctions, prosthenic, metasthenic and urosthenic 
appear to be an important basis of subdivisions under the Her- 
bivorous type. 

The urosthenic species (or those using the caudal extremity for 
locomotion) are the Siremans, as the Dugong and Manatus. 

The distinction of prosthenic and metasthenic is manifested 
among the other Herbivores in two ways: (1) a higher or /?rt- 
mary, in the general structure; and (2) an inferior or secondary, 
in the extremities of the limbs. 

(1.) In the general structure, — Under this method, the prosUienic 
species are those in which the fore-limbs are the stronger pair, 
and the metasthenic, those in whicli the hind-limbs are the 
stronger. The former include the Proboscideans, Bhinoceroses, 
Tapirs, Hogs and Hippopotamids. The Hog is particularly 
strong in the neck and fore-quarters. It is well known that a 
fatted hog often loses the use of its hind-limbs from overgrowth, 
and not of the fore-limbs, although the fore-limbs carrj' not only 
their share of a body nearly equally divided between the limbs, 
but also the heavily weighted head. 

The m^tastltenic species are the Solipeds and the Ruminants, 
in which the hind-hmbs are well known to be the strong pair. 
The Horse and Camelopard use their hind-limbs for self-de- 
fense, and so do also, to some extent, many of the Ruminants. 
Among the large Mammals, strength in the posterior limbs is an 
essential requisite for a draught-animal ; and not less so for a 
mountain-climber, especially when the fore-limbs are not prehen- 
sile; and, consequently, nearly all the larger mountain-climbing 
animals, frequetnting precipitous heights, are species of Rumi- 
nants.^ 

' This definition excludes not only the Sireninns but also the Zeuglodonts, which 
hnre been shown to be Carniyores, with normal teeth and nostrils, although verj 
elonprnte in body and uroHhenie. 

* For a draught -animal something more is needed than mere strength of hind^ 
limbs, and consequently all of these nietRsilienic species are not good for this kind 
of service. Tliere may be too great length of linib,--too little real strength for the 
long and steady pull which it requures, and which is very different from the mere 
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Such species, strong in the hind-limbs, are well named Sthennh 
meres (from the Greek adBvoq strong and (infiog thigh). 

(2.) In the extremities of Hie limbs, — The sthenic distinctioa 
referred to under this head is the inferior of the two because it 
appears only in the extremities of those organs which in their 
general relations exhibit the former. The manifestation of it is 
confined to the hand and foot. 

As the inner side of the hand or foot is the more central side 
in the system and the outer the more circumferential — a fact 
which any one will become aware of on looking at his opea 
hand as it lies on a table — the higher species should have the 
principal strength in the inner fingers rather than the outer. 
The transfer of force from the innermost to the outer, with de- 
scending grade of species, is well exemplified among Herbivorefl 
and the higher Mammals. 

In Man the inner toe is the strongest, and the order of strength 
is that of the toes, or 1, 2, 3, 4, 5. It is the same also in the haad. 
In the Gorilla it is the same for the foc^t, and for the hand there 
is only this difierence that 1 and 2 are about equaL In the 
inferior Quadruraanes and the superior Carnivores the third is 
the strongest as well as largest digit, and in many Carnivores the 
first in the hinder pair is obsolescent. In the inferior Carnivores, 
as the Plantigrades, the Hiird and fourili digits are often about 
equal, and l\iQ fifth as strong as the second: thus in Ursus Amet' 
icanus (as figured in Blainville's Osteologie) 4=3, and 5=2; in 
Z7. arctos {ferox) 2, 3, 4, 5 are very nearly equal ; in U. labiatm 
4 and 5 are Vie longest^ exceeding 3; in species of iVa«wa 4=8 
and 5=2; in the Cercoleptes or kinkajou, one of the lowest of 
Carnivores, 4 is a little longer than 3 and 5 than 2; in Gulo Itiscus 
4=3; in the Mustelids, Lutra vulgaris and Mustela Foina^ 4=3, 
or 3 is scarcely the longer; in the Viverrids 3 is generally slightly 
longer than 4, but in the inferior aberrant species Eupleres Gou- 
dotii and Bassaris astula 4=3 and 5=2. These species are there- 
fore essentially paridigitate, except that the first digit is present. 
Thus there is an outward diflFusion of force in descending from 
Man to the lower Carnivores. 

Under Herbivores, the higher species have the third toe the 
longest — or, they are imparidigitate^ as these kinds are usually 
styled. Thus it is with the Proboscideans, Ehinoceroses and 
Tapirs, and it is so whether die nuniber of toes be three or four ^ that 
is whether even or odd in number. 

In the inferior Herbivores the force is still more circumferen- 
tially diffused ; for the fourth digit is equal to, and sometimes 

movement of the legs demanded of a beast Of burden, — too little superiority in the 
posterior to the anterior limb.^^, or nn ill-adjustment of muscles and lun^s, etc, for 
the purpose. The Camel, one of the hypotypic or degradational Buminaots, is a 
case here included. 
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even stronger than, the third; and, at the same time, the Jlfih is 
as strong as, or stronger than, the second, if both are not alto- 
gether wanting ; while the first is obsolete. The examples in- 
dade all the so-called paradigiiate species, as the Hog, Stag, Ox, 
etc., in which the toes are equal (or approximately so) in pairs, 
the larger pair consisting of the third and fourth toes, and the 
other, of the second ernd fifth. In the common Ox, the fourth toe 
appears to exceed slightly the thii^d in size, and so also, the 
rudimentary fifth the second. In the Hog, also, the fourth toe is 
sometimes a little the largest. 

This sthenic distinction partially fails among degradational 
forms, such as the Seals, Sirenians and Cetaceans, in which the 
structure is so far degenerated that this delicate mark of grade 
has not its full normal exhibition. 

3. Distinction depending on the existence, or not, of a power^organ 
to aid in feeding, additional to those of the jaws. — Carnivores have, 
as one of their characteristics, organs apart from the teeth to aid 
in seizing or gathering their food. Among Herbivores, the 
Elephant has an organ of prehension of great power and per- 
fection in the trunk of elongated nose. The Tapirs and Hogs 
have also an elongated nose, which, although incapable of pre- 
hension, except to a slight degree in the former, is a power-organ 
essential to the animal for the collection of its food. The Khi- 
noceros has a nose-horn serving in the same way. The nose is 
thus in all these groups, from the Elephant to the lowest of the 
Suids or Hog-group, not merelv a nose, but an organ of special 
power and use for obtaining the food of the animal ; and the 
species might be described in a word as Sthenorhines (from the 
Greek odBPog strong and ^*? nose). 

The Horses and the Euminants feed themselves by grazing, 
tising their lips, teeth and tongue for the purpose, but having no 
aid from the nose. 

4. Distinction of gross-ampUfi^ate and hng-amphficate, — Gross* 
amplification consists in a general enlargement of the structure 
beyond the type-size for a given amount of systemic force, and 
does not necessarily imply a change in the relative sizes of the 
parts, or in their proportions. It may be manifested both in the 
skeleton and in its fleshy covering; and when in the latter it is 
olten apparent in the production of an abnormal amount of fat 
over the body. This fatty overgrowth is the lowest grade of 
grossampliBcation. 

Long-amplification is exhibited in an increased proportional 
length of the body and its limbs or members, involving in 
"Vertebrates an elongation of the bony structure. 

The gross-amplificate terrestrial Herbivores are those of the 
Elephant, Tapir and Hog groups, in which there is little differ- 
ence in the proportions of the body from those of the Carnivores. 
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The humerus^ for example, bears approximately the same pro- 
portion in length to the radius and to the whole limb, and also 
to the neclf, in the Elephant, Bhinoceros, Hog and Hippopota* 
mus as it does in the Carnivore. The length of head is ineremred 
in each of these groups by an ampliBcate snout — as remarked 
on the preceding page; but this is in part ^fleshy elongation; 
and it is sometimes increased also by means of a horn, but only 
an epidermic horn. The bony-structure of the head has an elon- 
gation beyond that characteristic of the lower Carnivores; bat 
it is independent of any in the limbs. 

The Bovine species are examples of gross-amplification on a 
long-amplijicate structure. 

The long-amplificate species include all the Buminants, togethn 
with the Solipeds or species of the Horse-family among theNon* 
ruminants. 

This long-amplification is exhibited prominently in the limU^ 
neck and head, 

(I.) In Hie limbs. — As in other cases, it is manifested most 
strikingly toward the circumferential limits of the system. The 
humerus shows no elongation, and is often even shorter, as com- 
pared with the size of the body, in these amplificatc species than 
m more typical kinds. Below the humerus, amplification is 
apparent in the fact that the radius exceeds in length the harne* 
rus ; it is still more manifest in the great elongation of the bonei 
below, especially the metacarpals and phalanges, the former 
alone being sometimes as long as the radius. The same general 
facts are true of the hind-limb. Owing to this extension of the 
extremities, the joint which seems like the knee in the leg of a 
Horse, Deer, Ox, etc. is really the commencement of the foot 
In the fore-limb of a Horse, the humerus is hardly one-fourth the 
whole length of the limb; the radius is nearly a fourth longer 
than the humerus; and the cannon-bone is two-thirds as long as 
the radius. In the Camel the proportions are not very difier- 
ent; the radius is relatively a little longer, and the cannon-bone 
as much shorter. In the Camelopard the humerus is but a 
little more than onefi/l/i of the whole limb (measured, as in the 
Horse, from the commencement of the humerus to the extremity 
of the digits) ; the radius is one-half longer than the bumems; 
and the cannon-bone, or metacarpal, is as long as the radius. 
The facts strongly contrast with those among the Elephant, Ta- 
pir and Hog groups, the humerus in these species being between 
one-third and four-nintlis of the length of the whole limb, and 
longer than the radius. 

It would seem, therefore, that the length of the humerus in the 
long-amplijicate species may be taken as an approximate indication 
of the true type-size^ or as a standard from which to measure the 
degree of amplification of the structure. Still, I see no positive 
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Tpoof that the humerus is not here shortened in compensation 
fer the lengthening below. 

(2.) j&i the neck, — ^No one will question the fact of a long-am- 
pMcation of the neck and head in. these species. It is howeyer 
difficult to find a proper standard of length for definite compan- 
ions. There is some special interest in the relations to the length 
of the humerus, and I therefore mention these relations, as has 
been done in the comparisons between the parts of the limbs. 

In the species of Felis, the neck is not longer than the hume- 
rus; in the gross-amplifieate Herbivores, as the Ehinoceros, and 
Hipjpopotamus, the same is true; but in the long-amplificate 
Bp^ies, a very diflFerent relation exists. In the Horse the neck is 
twice the length of the humerus ; in the Camel nearly three times; 
in the Camelopard over three times, 

(3.) In the head, — The outer or more circumferential portion 
of the jaws, corresponding to the incisors and canines, pushes 
out, under this amplification, far away from the more basal or 
molar portion, making the void space between (juite wide, much 
wider than in the Rhinoceros and Tapir. Referring to the hume- 
rus as a standard of length, as above, the cranium in the genus 
Felis, measured from the extremity of the jaws to the occiput, is 
from four-fifths to once this unit; in the Rhinoceros, one and one" 
fimri/ij to one and one-third ; in the Horse, nesLrlj twice ; in the 
Camel, one and one-third ; in the Camelopard, one and a half 
The ratio for the Camelopard and Camel does not exhibit the 
true condition, because both species are cephalically vastly infe- 
rior animals to the horse ana therefore nave unusually small 
heads for the size of the animal. The Camelopard shows the ' 
long-amplification of its head in the narrow proportion of the 
akiul, and the long void space in the jaws. This aberrant Ru- 
minant is built, not only in its long legs and neck but also in 
its little elongate head, on the type of a Grallatorial or Wading 
bird. 

This amplification or circumferential extension of the head 
appears in many species to be concurrent with that in the limbs, 
as if the two were of like dynamical origin, or had a dependent 
genetic relation in the structure. 

Long-amplification in the head is still further exhibited in the 
typical Ruminants through an outgrowth of horns on the fore- 
head. This is a frontal elongation, bony in its nature (or having 
a bony core at least), and peculiar to these long-amplificate spe- 
cies. In other words, those species in which the bones of the 
limbs grow long have generally long growths of horn from the 
forehead. 

5. SiMUvisions in the classification of Herbivores, — The distinc- 
tions which have been mentioned on the preceding pages point 
to the same general arrangement of the terrestrial Herbivores. 
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Two grand divisions are indicated. 

I. The Elephant, Tapir and Bog groups are alike in being— 
(1.) Prosthenic in general structure. 

(2.) Gross-amplificate ; rarely long-amplificate in the limbs. 
(3.) Not amplificate in the foreheaa through an outgrowth of 

bony horns — the only horns beinff nasal, and these epidermic. 

(4.) Amplificate in the snout, tnere being, in addition to the 
anterior elongation of the cranium, a fleshy elongation, or some* 
times an epidermic horn. 

(5.) Sthenorhines, the elongate snout being a power-organ 
for aid in feeding, etc. 

II. The Solipeds and Ruminants^ on the contrary, are — 
(1.) Metasthenic in general structure, and, therefore, Sthkno- 

HERES. 

(2.) Long-amplificate in the limbs, neck and head, and some- 
times, in additiony gross-amplificate. 

(8.) Long-amplificate in the forehead through an outgrowth 
of horns, except in the superior group of Solipeds and the infe- 
rior or hypotypic species. • 

(4.) Not amplificate in the fleshy part of the snout. 

(5.) Not Sthenorhines — shaving no use for the nose but the 
legitimate one. 

The two groups are then — 

I. The Prosthenics, or Sthenorhines, including the Elephant, 
Tapir and Hog groups. 

^ 11. The Metasthenics, or Sthenomeres, including the Soli- 
peds and Buminants. 

The species of the Hog-group and Tapir-group are closely 
related, in general form; in their short limbs; in the long and 
powerful and, thereby, working snout ; in their teeth approxima- 
ting to those of the Carnivores ; and in ihe omnivorous charac- 
ter or tendency of some species. And the relation of the Tapirs 
to the Elephant-group is no less striking. These affiliations have 
been generally admitted by zoolofflsts. The species of the Tapir • 
and Hog groups, especially the latter, are the most Carnivore- 
like of Herbivores. 

So, among the Sthenomeres, the living Kuminants have by all 
been associated in classification. The Solipeds alone have been 
arranged in most systems with the Pachyderms. But these are 
metasthenic like the Euminants, being the strongest of Stheno- 
meres and the most valuable of draught-animals ; they are graz- 
ing animals, like the Euminants, and have no rooting nose; they 
have the same great length to the void interval on the jaw 
between the molar and the other teeth ; and they have similar 
long-amplificate limbs. While, then, the Horse has undeniable 
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• 
relations to the Pachyderms, it has close affinities also to the 
Buminants. It is a Sthenomere and not a Sthenorhine; but 
it stands in the group of Sthenomeres, between the Kuminants 
and the Sthenorhines,* representing a Pachydermatoid division 
in the group. 

The prosthenic species, it appears, are the gross-amplijicate^ and 
the metasthenic are the hng-amplifioate. But this distinction in 
amplification is not of that fundamental nature which would 
lead to its being an exclusive feature of either type; and yet 
the exceptions to its being so are remarkably few. In the grosS' 
amplificaie group, or that of the Sthenorhiiies^ the Macrauchenia^ 
if a Tapiridean (see p. 172), is one exception — the species hav- 
ing, according to Owen, a long neck, nearly as in the Llamas. 
The extinct Pakotheres are other exceptions ; for in these Eocene 
associates of the Anoplotheres the metacarpals and metatarsals 
have about the elongation of those of the AnoplolJieres, All the 
long-amplificate Sthenorhines are extinct species (p. 183). 

The distinction of prosthenic and metasthenic observed in the 
extremities of the limbs, or the digits, which has given rise to the 
subdivision into Impartdigitates and Paridigitates, affords an indi- 
cation of grade under the above two grand divisions — the pari* 
digitate species being the inferior. Thus the Hog-group (pari* 
digitate) stands below the Tapir-group (imparidigitate), and is, 
hence, at the foot of the Sthenorhines; and the Horse-group 
(imparidigitate) is at the head of the Sthenomei-es. As this 
distinction is inferior in sthenic value to that of prosthenic and 
metasthenic manifested in the general structure (pp. 16l, 162), it 
cannot properly be made the basis of the principal grand divisions 
of Herbivores, as proposed by Owen, unless all such sthenic 
characters are overruled by fundamental resemblances in type, 
which is here not the case ; the type-resemblances bear the other 
way, and not to a separation of the Hogs and Tapirs, nor to a 
union in one group of the Hogs and Buminants. 

The existence in Paridigitates of two horns, one either side 
of the frobt, is mentioned by Owen as an example of pairs iu 
these species, additional to that in the toes ; and the occurrence 
in the Imparidigitates of a horn (or horns) only on the medial 
line of the front as an additional case in these Herbivores of an 
odd organ. This odd horn occurs only in the Rhinoceroses 
among the Imparidigitates, and on a medial organ, the nose ; and 
with so small a range of facts to sustain the deduction, we may 
reasonably doubt the alleged connection between the odd or 

' It may also be here repeated that the Horse is related to the Ruminants* in not 
having a deeidtta developed, — a deeidita, as stated by Huxley, characterizing the 
higher Megasthenes, from Man throup^h the Quadrumancs and Carnivores to the 
higher Herbivores (the Elephant and Hyrax, at leaA) ; but not the species of the 
Hog-group, the lowest of Stheoorhines, nor any of the Sthenomeres. (See Art. II, 
p. 18). 
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even in horns and the odd or even in the toee. The true dis* 
tinction with regard to the horns appears to be that already 
mentioned : — that the Sthenorhines have only the nose — not the 
forehead — elongated or amplificated through a growth of horns, 
and this is an epidermic amplification, while among the Stheno* 
meres, an inferior group, the bony structure of the forehead is 
long-amplificate. 

If it be sustained that the Oamelopard has a central horn on the 
front of the head, as has been claimed and recently reaffirmed, 
a case of an odd or medial horn occurs among the Paridigitatet; 
but it is a forehead-horn. 

We should therefore make the statement thus : 

The Sthenorhines, ^ro5«-amplificate species, may have one or 
two nasal epidermic horns, or Jiorns procuding from tlie exoskeiekm. 

The Sthenomeres, fon^-amplificate species, may have two or 
more frontal bony horns, or horns proceeding from the endoskekton. 
In addition, the exoskeleton, under this inferior type, sometimeg 
contributes large epidermic additions in the shape of sheaths to 
the horns, as well as hoofs to the feet. 

IIL The third group of Herbivores includes only the JXreniam 
— ^aquatic species that fail of hind-limbs, like Whales, but hear 
various marks of superiority to the Mutilates, as already briefly 
indicated. 

The grand divisions of the tribe of Herbivores, which have 
been pointed out and elucidated in the preceding pages, are indi- 
cated in the following Synopsis, together with the subdivisions 
to which we appear to be led by the further application of the 
principle of cephalization. In connection, one or two of the 
more prominent distinctions of the higher groups are mentioned. 

Synopsis of the proposed classification of Herbivores, 

I. Sthenorhines. 

Prosthenic. Snout serving as a power-organ, usually elonga- 
ted. Gross-amplificate, rarely long-amplificate in extinct species. 
Horns, when any, proceeding from the exoskeleton alone, nasal. 

1. Pboboscidbans. — Snout an organ of digital as well as 
brachial prehension. Imparidigitate. 

Elephantids. 
Dinotherids. (?) 

2. Tapirideans. — Snout imperfectly, or not at all, prehensile, 
there never being prehension at the extremity (or digital pre- 
hension). Imparidigitate. 

(1.) Rhinocerotids. — Having a nasal horn. 



(1.) Ek 
(2.) Dii 



ii 
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(2.) Tapiroids. — ^Without a nasal . bora* Snout elongate, often im- 
perfectly prehensile. 

a. Tapirids. 

b. Paleotherids. 

(3.) Hyracids. — Without a nasal horn. Snout not elongated. 

8. SuiDSANS. — Snout elongate, but not at all prehensile. 
Faridigitate. 

(1.) Suids. 

(2.) Hippopotamids. 

IL Sthenomeres. 

MetajBthenic Long-amplificate, even when gross-amplificate. 
Snout not a power-organ. Horns, when any, proceeding from 
the endoskeleton, frontol. 

1. SoLiPEDS. — Without horns. Imparidigitate. 
1.) Equids. 
^2.) Macrauchenids. (f ) 

2. EuMiNANTS. — Having horns in the typical group, except 
often in females. Faridigitate. 

(1.) Cornigers. — Having horns. Frontiferient.' 

a. Cervids. 
h. Antilopids. 

c. Camelopardalids. 

(2.) Nudifronts. — Without horns. Not frontiferient, feeble in self- 
defense. 

a. Camelids. 

b. Moschids. 

c. Anoplotherids. 

8. ? 

m. Sirenians. 

TJrosthenic, natatorial. Having a large caudal fin for swim- 
ming. Posterior limbs wanting. 

Manatus, Halicore or Dugong, Rytina, etc. 

In the following enumeration of the distinctions of the several 
subdivisions, I confine myself almost entirely to those character- 
istics which are obviously based on the principle of cephaliza- 
tion, omitting the many anatomical details to be found in zoolo- 
gical treatises. 

A. Suidivistons of the Sthenorhines. 

(1.) The Proboscideans are distinguished by the high charac- 
teristic of having in the proboscis a prehensile organ of great 
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power and perfection— oae that combines the qualities both of a 
prehensile nand and a grasping arm, and which, therefore, is 
more serviceable for prehension than the fore-limb of a Carnivore. 
Although this is a perverted use of a nose, it is not supposed to 
be attended with any degeneration of the normal sense below 
that of other Herbivores. The elliptic condition of the jaws ia 
the species is connected, as already explained (Art. I, p. 400), 
with the enormous development of the tusks. The forelimb is 
proportionally as short as in the Lion, and the hand-portion evea 
shorter, its length being only one-haJf thsit of the humerus. 

The Dinothere appears to show in its skull that it was a true 
Proboscidean, that is, an animal with an Elephant-like proboscis. 
If so, it was, in all probability, a terrestrial animal, like- au 
Elephant, or not more aquatic than a Hippopotamus. The fact 
that prehension is a characteristic of Carnivores and the higher 
Mammals, and, among terrestrial Herbivores, only of the supe- 
rior species, indicates that it is a mark of high graae, and, there- 
fore, one that is not likely to be associated in such perfection as 
that of the Elephant with the structure of an aquatic natatorial 
Herbivore. 

(2.) The Tapirideans are related to the Proboscideans in the 
snout, and to the Suideans in this and many other characteristics. 
Unlike the latter, they are imparidigitat^, the third finger being 
the longest. The cranium is considerably elongated, being from 
one-half to two-thirds longer than the humerus, and thus di- 
verges widely from the same in the Carnivores. 

The family of the Khinocerotids is distinguished by the greatly 
thickened nasal bones and the nasal horn, and by the snout not 
being at all prehensile. The joints of the fore-limb ip the Mi- 
noceros Javanus have very nearly the same proportional length 
as in the higher Carnivores ; but the cranium as compared with 
the length of the humerus is one-third longer. 

The Tapiroids have the snout prolonged, and often, if not 
always, somewhat prehensile, the prehension being brachial in 
kind and not digital ; and the fore-limbs have the outer or ffth 
toe well developed, while the inner or first is wanting, thus 
showing inferiority (according to the principle stated on page 
162) both to the Ehinoceros (3-toed) and Elephant (5-toed), ia 
each of which the toes are nearly balanced either side of the third. 
In one division of the Rhinoceros group, including the extinct 
species made into the genus Acerotherium by Kaup, the toes of 
tne fore-limbs are four in number, as in the Tapir, and besides this 
the horn is absent; and if, as suggested by Blainville, the so-called 
Acerotheres are only females, there is no question that this extra 
outside toe without a first is, among the imparidigitate Herbivores, 
a mark of inferiority, as argued on page 162. The same conclu- 
sion might be drawn, though less safely, fi:om the fact that these 
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Acerotheres (whether females or not) are among the earliei!^ 
geological representatives of the Ehinoceros group. 

The Hyracids are degradational foYms, having the snout not 
prolonged and not horned, yet having it terminate in a flat naked . 
space with the nostrils on either side, also having the tail reduced 
to a mere tubercle, and having the small size, as well as some 
of the habits, of a Eodent ot the Hare family. It is good at 
digging. This abbreviation before and behind in the Hyrax 
may be an example under the elliptic method of decephaliza- 
tion, evincing feebleness in a life-system which is of extreme 
smallness for the Herbivore-type. The animals of the little 
Syrian species were long since described as "a feeble folk." 
(Prov. 30 : 26). 

8. The Suideans are generally acknowledged to be far more 
closely related to the Tapiroids than to the other Faridigitates 
(or Ruminants). Yet they bear many evidences of inferiority 
to that group. Besides being paridigitate, they have the jaws 
more amplificate than in the Tapirs, as appears in the fact that 
the extremity, bearing the incisors and canines, is more remote 
from the molar portions, and still more strikingly, in many spe- 
cies, in the canines being elongated into tusks, and the incisors 
also being sometimes large and spaced out. This amplificate 
condition reaches its extreme in the Hippopotamus. There is 
also a great tendency to gross-amplification through the develop- 
ment of fat — the lowest kind of amplification. Another hypo- 
typic feature is the graceless and bizarre forms of many species. 
Still another is the abnormal reverted growth of the upper 
canines, which, in one species, the Babyroussa, pass out through 
the facial part of the skull, becoming long curvmg nasal horns. 
Still another evidence of inferiority is the very small size of the 
brain compared with that of the head. 

The Hippopotamids are extreme examples among Pachyderms 
of gross-amplificate structures, and are evidently hypotypic spe- 
cies *in this hypotypic group. They manifest this in their size, 
grossness of head and body, aspect of deformity in every part, 
soldered radius and ulna, and in their being the most aquatic of 
the group. Their unusually short legs and spread toes, also, are 
evidently parks of inferiority ; for in a system so low in struc- 
ture throughout, these peculiarities cannot be a consequence of 
high cephalization. It is a step toward the Mutilates. 

B. Subdivisions of the Sthenomeres. 

1. The Solipeds rank the Ruminants, not only because impari- 
digitate, but also, because of their higher grade of digestive 
system, and the bare forehead ; for in these species absence of 
horns appears to be a mark of elevation. That they are th6 
highest of Sthenomeres is also evident from the elegance of form, 
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grace of motion, fleetness and strength which characterize one 
or more species of the group, and which combination of qualities 
is presented in equal, perfection in no other Herbivore. The 
type, therefore, may rightly claim the first place in its grand 
division^ and not a subordinate one^ either between Tapirs and 
Bhinoceroses or Hogs, or below Goats and Oxen. 

The Macrauchenia, according to Owen^ was much like a Butni* 
nant in its legs, although imparidigitate^ and near the Camel. in 
its neck, while it had probably (the head is yet unknown) no 
Tapir-like proboscis. The radius and ulna were united, and bo 
also the tibia and fibula. Its place in the system may be, there' 
fore, along side of the Equids, or the imparidigitate Sthenomere& 
If, however, the animal had a proboscis, the species would fidl 
among the Tapirideans and represent an inferior long-amplifi- 
cate subdivision. The term Solijyeds or Solidungulaies^ might well 
be replaced by Equideans, as the existence of a solitary hoofed toe 
is not an essential characteristic of the group. 

2. The Ruminants are naturally divioed into two groups. — 

(1.) The Cornigers or typical species. — These are (a) furnished 
with horns (whence the name applied to them) at least in the 
males. They are (6) frontiferient, that is, strike with the forehead 
in attack, (c.) The foot has great compactness, the two principal 
toes (normallv the third and fourth) being so large, and so well 
hoofed, that the animal walks upon them ; the hoofs are fiat on 
the inner side and fit well together, so as to look and act much like 
one cloven hoof, (rf.) The two posterior toes {second and^^A) are 
too short to touch the ground, and are sometimes altogether 
wanting, {e.) Two metacarpals, and also two metatarsals, are, 
with a rare exception, coalesced into a single ** cannon-bone"; 
also, the scaphoid and cuboid bones, at the base of the cannon- 
bone, are united. These particular characters are here enumer- 
ated in order to exhibit the contrast between this type and that 
of the Nudifronts. 

The two families of Cervids and Antilopids, mentioned in the 
Synopsis, page 169, are the same in limits as those usually so 
named, except that the Camelopard is excluded. The Camelo- 
pardalid is the special long-amplificate, or Heron-like groupj 
under the Corniger type. The horns are persistent, as in the 
Antilopids ; but instead of a corneous sheath, they have for a 
covering only the hairy skin. In this respect and, further, in 
their extreme long-amplification, in the young animal's having 
horns at birth, and in their using the hind-legs in kicking as the 
principal means of defense, like the Horse, (and not merely as 
the occasional, like many Kuminants,) they diverge from the 
other Cornigers and rightly constitute a separate family, and one 
hypoiypic in grade. It is stated that the males sometimes make 
use of their horns in attack ; and one female at the Zoological 
Gardens, London, is said to have driven her horns through an 
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nch board. As the head of a Catnelopard is raised seventeen 
>r eighteen feet above the ground, the systemic force in this 
inferior Herbivore is diffused through a sphere whose radius i» 
nearly twice that of the Lion, and six to eight times that of its 
superior among Herbivores, a common Stag or Goat — a condition 
betokening very low grade. Its inferiority among Cornigers is 
also apparent in the small head and brains for so large a body, 
its singularly awkward use of its long limbs when running, and 
its being a mute animal. 

(2.) The Nudi fronts. — The Kudifronts -manifest their inferior- 
ity to the preceding in different ways. — 

(a.) In a comparatively relaxed condition of the extremities. 

In the Camelids^ the toes spread forward so that the animal 
walks on a pad or pads beneath the foot and toes ; the hoo& 
are small, of symmetrical shape instead of being fitted to^ one 
another, and cover only the extremities of the toes; the scaphoid 
and cuboid bones of the tarsus are disjunct; and the cannon-bone, 
though single, is divided at its lower extremity to a higher point 
than in the Cornigers. 

In the Moschtds, the toes are lax, as in the Camelids, and simi- 
larly covered with short hoofs, so that there is not the appear- 
ance of a single cloven hoof; moreover the two posterior toes 
are elongated so as to touch the ground in walking ; and, in 
one species, not only are the scaphoid and cuboid bones disjunct, 
but also the metacarpals and metatarsals which make up the 
cannon-bone of the Cornigers and Solipeds. In others, also, the 
metacarpals are not completely coalesced. 

The Anophtherids are like the Moschids m the lax condition 
of the two large toes; and, as in the Moschus aquaticus^ the 
ecaphoid and cuboid bones are disjunct and also the metacarpals 
ana the metatarsals. 

(6.) In the forehead not being a power-organ, and not furnished 
with horns. — 

This condition in an animal may be a mark either of a highly 
cephalized, or of an enfeebled, life-system. In the Horse it 
appears to be the former. But in the Nudifronts, it is so asso- 
ciated with other proofs of inferiority that it is unquestionably 
additional evidence of this inferiority. Absence of horns char- 
acterizes the females of many Cornigers, which shows that it 
might naturally be a feature of related inferior species. 

The Camel and Musk-deer have feeble heads, both as respects 
mechanical and psychical power. The Musk-deer not only has no 
trace of horns but the forehead is not used in defense or at- 
tack, being apparently unfitted for this purpose. 

(c.) In their feeble means of defence and bizarre shapes. — 

The Camel sometimes bites — an almost universal propensity 
among animals, there being a consciousness of power in the 
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jaws when none elsewhere. The male Musk*deer is aided by 
long canines; yet it is a very timid animal, and although it 
takes extraordinary bounds when fleeing from a pursuer, it is 
said to become very soon exhausted, and thus is a little after the 
Grasshopper-style among hypotypic Insects. The Llamas spit. 

The Camel has a body out of proportion to its legs, and 
exhibits awkwardness in features and gait ; its hump is an ab- 
normal growth of fatty and cellular tissue, having no functional 
value beyond that of serving as fuel for the craft when out on 
the desert ; and its formation evinces large vegetative powers 
with consequently feeble systemic control. 

(d,) In the presence of canines in most of the species; and 
in the Anoplotherids the set of teeth, besides being complete, 
having the canines short and not projecting, as in Man. — 

The variation from the Kuminant type in the teeth shows a 
tendency to return to normal regularity and simplicity, as is 
common in inferior species (Art. I, pp. 326, 440), and is not a 
mark of elevation toward the Pachyderms. 

Owen observes that an Anoplotherid resembles, in its absence 
of horns, its divided metatarsals and metacarpals, its lax toes, 
and its even and normal number of teeth, ** the embryo Kumi- 
nant," these characteristics of the embryo being retained in them ^ 
through adult life. He speaks of it, again, as exhibiting the 
features of the more generalized (or less specialized) Mammalian 
type, and remarks upon the same as also shown, though less 
strikingly, in the Camel. This relation, so correctly presented, 
accords with the view we hold, that these species are low in 
grade of cephalizatton ; for a condition analogous to that of an 
animal in an unfinished or young state is one of comparative 
feebleness. The embryological resemblance, on this view, ex- 
tends not only to form but also to force. 

The Pachydermatoid qualities in the Moschids, and some among 
those so regarded in the Camelids, correspond therefore to a 
degradation of the Ruminant-type. 

On page 165, the long-amplificate jaws and limbs of Solipeds 
and typical Ruminants are shown to be mutually dependent on 
that condition of the svstemic force which is essential in order 
to bring out the Ruminant type-structure. It here appears that 
the relaxed or enfeebled condition of that force which leads to 
a lax state of the digits or extremities of the limbs is attended 
by modifications of the teeth — the dental series losing its type- 
character by the development of some or all of the missing teeth, 
and so returning toward elemental regularity. The two ex- 
tremes of the body, the jaws and the limbs, thus vary together 
with the enfeebling or relaxation of the systemic force. 

It is apparent, from this survey, that the Kudifronts are distinct 
from the higher Sthenomeres in several important characteristics, 



based on the principle of Cephalizatitfh. — Herbivores, ^175 

indicative, each, of inferiority of grade. They are feeble in the 
head, and have no use for the forehead in attack or defense; 
they are weak as to means of defense of any kind ; they have a 
lax condition of the extremities; they have a more complete 
and regular series of teeth, but as a result of a more diffused 
state of the systemic force, or less systemic control. 

C. Sirenians. 

The distinctions of the Sirenians have already been sufficiently^ 
indicated (p. 169). 

In conclusion, the writer may here state that he does not look 
upon the classification which has been presented, as in all points 
that to which beyond question the right application of the princi- 
ple of cephalization leads; but only as that which, as far as he 
now understands the facts and the principle, appears to him to 
be correct to nature. 

D. Dynamical consideratioyis, 

L Amplification. — Onpage 165 it is shown that in the skeleton 
of the long-amplificate Herbivores, the head and limbs are both 
elongated, although unequally ;• and that the elongation is litJtle 
or none in the basal portion of these parts, while large in the 
rest, and especially toward the extremities of both the jaws and 
limbs. 

On page 174, it is likewise shown that a relaxation of the parts 
in the extremities of the limbs is concurrent with a relaxing also 
of the elements of the jaws. 
. Thus the head and the limbs, parts alike circumferential, 
undergo analogous changes under similar conditions — the am- 
plification in the head increasing from the basal portion of the 
skull toward the extremity of the jaws; and that in the limbs 
increasing from the body toward the extremities of these limbs. 

Now it is to be noted that, while the head and the limbs 
diminish in amplification toward their basal portions, they are 
separated in the same species by a long-amplficaie neck. It seems 
to follow, therefore, that the head is one centre of amplification, 
and the body another ; or, in other words, that there are two 
distinct centres of amplification, a cephalic and a thoracic, the 
former the primary. 

The question may be asked, whether the neck, in its amplifica- 
tion, should be considered as subordinate to the cephalic, or to 
the thoracic, centre, or to both equally. In reply, it is to be 
observed that the amplification in the case of the neck accords 
in amount much more nearly with that in the limbs than with 
that in the head. Moreover, short limbs and a short neck go 
together (as in the natatorial Herbivores and Mutilates), event 
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when the head is excessively elongated ; and when the limbs 
are reduced to fins, as in Fishes, the neck is essentially wanting; 
Again, the longer cervical vertebrae are those most remote from 
the body, and the stoutest those nearest it; and, in the Camelo- 
pard, an animal in which the part of the limbs remote from the 
body is very much elongated, these cervical vertebrae remote from 
the body are likewise much elongated. It would hence appear 
that the amplification in the neck in these species is subordinate 
mainly to the thoracic or secondary centre. 

But although this argument in favor of a connection at times 
between amplification in the neck and limbs may appear direct^ 
we deem it only a doubtful suggestion. In any case, the fact of 
two systemic centres in Mammals seems to be established — one^ 
the cephalic or supeinor, quite small in radius and with narrow 
limits of amplification ; the other, the thoracic or mferior^ very 
large in radius, and admitting of a wide range of amplification. 

In Crustaceans the head and thorax make one single division 
of the body, the cephalothorax ; 'and the cephalic nervous masB 
is often quite near the first thoracic, the two in some inferiOT 
species being on opposite sides of the esophagus. The cephalo- 
thorax here corresponds, therefore, to one single primary cen- 
tre; and this centre is situated near the anterior margin of the 
mouth-aperture, or between the* mandibular and 2nd-antennary 
segments, where it is placed by the writer in his former articles 
on this subject. There is an inferior or secondary centre in 
Crustaceans, but this is abdominal, as remarked in Art. I, p. 322. 
In Insects, as the body consists of three parts, a head, thorax 
and abdomen, there appear to be, besides the cephalic, two 
secondary centres, a thoracic and an abdominal ; and in the 
Mantids and like species we have an example of a large anterior 
amplification of the thoracic. At page 328 of Art. I, a fact is 
mentioned bearing on the existence of two centres in Worms. 

While amplification, then, depends on the degree of systemic 
control over vegetative growth and development, it may take 
place about the structure as a systemic unit, or about its Drimary 
and secondary systemic centres ; and each centre may 'be more 
or less independent of the others in the amplification subordi- 
nate to it. 

When, in an organism, the systemic force controls in the 
highest possible degree, under the type, the tendency to vegeta- 
tive increase, or the mere powers of growth (the centrifugal 
tendency), there is the highest concentration and greatest ci^ 
cumferential contraction ; and when in any less degree, there is 
amplification or circumferential extension. 

When the systemic control is still so great as to keep the parts 
essentially within typical proportions as to relative lengths of 
parts, the amplification, if any, is simply gross-amplification— 
gross-amplification of the whole bony structure in superior spe- 
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Bies, and of fatty, cellular and dermal tissues mainly, in species 
of a feebler life-system. But when the control is less complete, 
the parts of the bony structure increase in length by amplifica- 
tion, especially the more circumferential portions oi them — this 
amjdificating tendency increasing in amount with the distance from 
the systemic centre or centres — and the structure is long-amplificate. 
With a feebler life-svstem, not able to keep the structure evolved 
to type-perfection, the limbs may have lax or imperfect extremi- 
ties, that is, lax as compared with their condition in the typical 
species under the type.' 

2. Definiteness of die distinction of gross-amplijicate and long-am- 
ptificaie. — It has been observed that the two higher groups of 
terrestrial Herbivores are distinguished, the first, by being very 
generally gross-amplificate in the structures incluaed, and the 
second by being long-amplificate, and that the two groups are 
thus quite well separated, there being but few cases of long- 
amplification in the former, and the gross-amplification in the 
ktter taking place upon long-amplificate structures. It is a 
genei;al fisict throughout the animal kingdom that the long-am- 
plificate groups under a type stand apart from, instead of blend- 
ing insensibly in this respect with, the typical or gross-amplificate 
groups. Thus there is a Tipulid group among Dipters ; a Gralla- 
torial group among Birds of tte tribe of Prsecoces ; a Heron 

fx)up among the Altrices; a Serpentarius family among the 
ccipiters, etc. 

The reason for this definiteness of limit between gross-amplifi- 
cate or typical forms and long-amplificate is apparent from the 
preceding discussion. To produce the former, there is the sys- 
temic control which determines typical proportions and admits 
only of narrow limits of variation. For the latter, there is a 
diminished degree of that control, leaving vegetative growth to 
elongate the structure; and this diminution is not one of gradual 
stages, but an abrupt step down to the new condition. The 
limits of typical proportions once fairly overstepped, the struc- 
tares pass suddenly to amplificate forms of very varied propor- 
tions. This capability of elongating the bony skeleton in Sthe- 
nomeres is very different from that of mere general enlargement 
which characterizes the Sthenorhines; and without an abruptness 
of transition between the two conditions the two types would 
not stand as far apart as they do in style of amplification. 

8. Axial distribution of force, — The retroferent method of decephal- 
ization. — There is another law with regard to the systemic force, 
to which the above, relating to amplification, is actually subordi- 

* The separateDess of tbeee two powers is also illustrated by the arrest of devel- 
omnent in the brain, in many cases, as shown by fewer gyri and a greater simplicity 
of folds, while there is an increase of size up to normal dimensions. See W. 0. 
Minor's translation of articles by Dr. Wagner, in this Journal [2], zzxiv, 188, and, 
in particular, the remark of Dr. Minor on this pofnt, on p. 199. 



178 Dana on the Classification of Animals 

nate — which is, that the force may vary in cephalic concentraJim^ 
and thereby in its distribution along the pnnoipal body-axis. 

It has been shown in this and the former articles that there is 
often, with descending grade of species, a transfer of force and 
function backward in the structure — a method of decephaliza- 
tion termed the retrofsrent, and including under it, the prosthenic, 
metasihenic and urosthenic conditions of structure. These have 
been illustrated from all departments of the animal kingdom; 
and with examples from Herbivores in the preceding pages. We 
refer again to the facts among Crustaceans in this Journal (vol 
xxii, 14, 1856, and the chapter in the authors Expl. Expei 
Eeport, p. 1412,) as especially clear and conclusive, and as hav- 
ing peculiar interest because historically the source in the wri- j 
ter's mind of the principles here explained. 

Moreover, this backward transfer of force and function mani- 
fests itself also in the posterior elongation of the structure and 
also in some anterior dilation. Conversely, elevation of grade is 
manifested in the abbreviation of the structure behind, and to 
some extent also anteriorly, and in the transfer of force and 
jfiinction forward, or toward the cephalic extremity. 

This connection of grade with a transfer of force along the 
body -axis — through a weakening or strengthening of the cephalic 
concentration — is dependent on the polar or cephalic nature of 
an animal — a condition remarked upon in Art I, at page 321, 
and referred to at p. 157 of this paper. The higher the grade 
of a species under a type, the greater the extent to which the 
force of the system is gathered in, or toward, the cephalic ex- 
tremity or pole ; and the lower the grade, the more complete its 
diflFusion toward the posterior extremity." 

In the forward transfer attending cephalic concentration, the 
anterior limbs, as the species rise in prosthenic character, in- 
crease in muscular force, so that, as in Carnivores, this force is 
far greater in the fore-limbs than in the hind-limbs. When 
the transfer of force toward and about the anterior or cephalic 
extremity is at its maximum under any type, the structure is 
prosthenic in ^he highest degree possible for that type. But if 
the anterior extremity of the body-axis is not in this maximum 
state, owing to a diffusion of the force posteriorly, the condition 
is one less prosthenic ; by a further loss and diffusion posteriorly, 
there may he another step down (for such transitions, as we have 
before found, appear to be by a saltus) perhaps to a lower grade 
of prosthenic, or else, still lower, to a metasthenic condition, and 
attending this, there is often an increasing length of body ; by 
a further loss or diffusion posteriorly, there may be the pro- 

' In mj last article (Art. JI, p. 10) I have referred the amplificate and retroferent 
methods of decephalization alike to apocentric distribution of force — or diffusion away 
from the principal or cephalic systemic centre.. This, althoogh true, is but an im- 
perfect expression of the fact. 
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Founder descent to a urosthenic condition, with great length 
behind and a large part of the force of the structure thrown 
into the caudal extremity. 

But, besides the increase of muscular force attending cephalic 
soncentration, there is also increase of cephalic force — the senso- 
rial and higher cephalic — an increase which is not so easily 
measured or compared. Man is probably prosthenic looking only 
to his limbs, the arms being stronger than the legs. Yet this is but 
El small fraction of the force which makes him the prosthenic being 
he is. The force is so largely purely cephalic, that he may be 
Btyled, with special appropriateness, cephahsthenic. In such a 
species the increase of force along the body-axis from behind 
forward would be represented by a very rapid divergence of 
lines ; in a Carnivore, by a divergence much less rapid ; in a 
Whale by lines diverging but little from parallelism. 

When the supremacy of the cephalic extremity in an organism 
is of high order, the cephalic centre is near the front margin 
of the head. Thus in Man, the being eminently of onward 
head-power, the jaws project but slightly beyond the anterior 
margin of the brain ; moreover this cephalic concentration and 
contraction is connected with a reduction of the number of teeth 
from 44 to 32, one pair of incisors and two of premolars being 
wanting in either jaw out of the' full number that belongs to the 
Mammal type. There is a great contrast between this abbrevi- 
ated form of head and the elongated cranium of the 44-toothed 
Anoplothere, one of the lowest of Herbivores. 

W hen the cephalic supremacy is so feeble that the force approx- 
imates to equality along all parts of the body-axis, the animal is 
the next thing in grade of life to a plant ; the cephalic centre in 
such a case often has a position remote from the anterior ex- 
tremity, the head portion becoming greatly dilated, as in the 
Whale as mentioned on page 160. If, in addition, the systemic 
force is feeble, the body may be contracted both before and 
behind, about the nearly central cephalic pole, as in Eadiates. 

With decreasing cephalic concentration, there may be not only 
increasing length throughout the structure, and especially cir- 
cumferentially, but also an increasing relaxation of the parts of 
the structure, and a tendency toward a resolution into its nor- 
mal elements, or an elementalizing of it; and also a tendency- 
toward an equality in the series of parts or elements. This is 
decephalization by the analytic method explained in Art. I, p. 828. 

The same kind of relaxation, favors not only ordinary vegeta- 
tive increase, and an analytic resolution of structure, but often, 
also, that extraordinary multiplication of parts included under the 
multiplicative method of decephalization (Art. I, p. 325), and that 
multiplication of ova or young at a biith, included under the 
genetic method (Art. I, p. 330). In the higher animal species, 
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the forces and material of the being can develop at one timehot 
one or a few ova ; in others inferior, the amount required for each 
is so small, or, is so small a part of the .whole energies of the indi* 
vidual, that the number produced is almost indefinitely large. 

4. Relation oftke law of ampUJication to ike law of axial distribw 
tion of force. — The condition as to the distribution of force along 
the body-axis under a type, determines, as has been shown, the 
form or general nature of the structure, in any case, and the 
structure thus established is that which undergoes amplification. 
Thus the law of amplification is secondary to the law of axial 
distribution. Gross-amplification in a Whale is amplification of 
a urosthenic structure, or one in which the forces are so distribo- 
ted along the axis that the anterior pole is not very highly supe* 
rior to the posterior — a structure which is of great length and sise 
behind because urosthenic, or feeble in cephalic polarity, while, 
at the same time, powerful in life-system* 

5. Diminution of cephalic concentration or polarity not necessarUg 
a diminution of the total ainount of force in an orgdnism. — As a 
Whale has more locomotive force than any other animal, it is 
evident that the transfer of force posteriorly, or the loss of ce- 
phalic concentration, does not necessarily involve a great di- 
minution of strength of body : in a transfer of force, there is not 
necessarily a lessening of force. In fact, it might be inferred fiiom 
the case of the Whale, and also from examples among the higher 
Mammals, that sensorial and other higher cephalic force becomes 
converted, in the transfer posteriorly, into muscular force; so 
that a Whale is a representative of the force of a typical megas- 
thene, — a Lion, for example — in the condition almost exclusively 
of muscular force. The last part of this statement may be qnite 
true ; for the Whale may not diflFer from a Lion so much in 
amount of systemic force as in the proportions of that force 
divided between the several kinds of muscular, sensorial, and 
psychical. But this commutation of kinds of force cannot prop- 
erly be admitted. It is more correct to say that the systemic 
developments in one case produce almost solely muscular force; 
in the other, less of this with a larger proportion of sensorial, or 
sensorial and psychical ; and that these proportions are determined 
by the cephalic polarity of the life-energy characterizing the 
organism under development. The brain is the last part of an 
animal that is perfected. It becomes complete in its powers only 
after the rest of the structure has so far reached its limits of 
growth that the whole system may combine its nutrient energies 
and material on the one great feature of the being. In this 
way the cephalized structure attains its most highly cephaUzed 
condition. 

The views here set forth rest on the ground that in a living 
organism there are not only molecular forces everywhere indi- 
vidually at work, carrying on all changes and growth, but also 
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ihat there is centralized control over all molecular forces, deter- 
xniDing the limits, nature and condition of the organism.*** 

I would not be understood as including Man's higher nature 
among the attributes that can be developed out of simple mat- 
ter and cephalized life. For Man evinces in his power to com- 
prehend Nature's laws and use them for his physical, intellectual 
and moral progress, that he is above Nature. He shows in his 
thoughts of the infinite — in his recognition of an omnipotent 
Creator, (or, as well, in his efforts to reason himself out of this 
recognition, or into the substitution of an infinite Nature) — in 
bis sense of obligation to moral law, and law as emanating from 
an infinite God — in his aspirations towards the infinite — in 
his hopes reaching into the indefinite future — and in his capa- 
bility of indefinite development, that he has within him an 
element of the infinite, a spiritual element, which places him 
above nature, constitutes his likeness to his Creator, and assures 
him of a future of spiritual existence apart from matter and its 
inferior developments. 

6. Distinction of Megaathenes and Microsfhenes, — The fact stated 

with regard to the powerful life-system of the Whale affords aid 

towards a definite understanding of the distinction between the 

great groups of Megasthenes and Microsihenes. The subdivi- 

\ ibns of these groups are mentioned in a note to page 159, and 

: in a manner to exhibit their parallelism : — the Quadrumanes and 

■ Chiropters being in one line, since they have long been regarded 

as correlates in many of their characters; so Carnivores and 

Insectivores in the second; Herbivores and Eodents in the 

third ; and Mutilates and Edentates in the fourth. Carnivores 

and Insectivores are both carnivorous and both prosthenic tribes. 

Herbivores and Rodents are both herbivorous, and the larger 

and most characteristic part of the former and all of the latter 

are metasthenic. Mutilates and Edentates are both degradational 

types; the latter, like the fornf>er, sometimes muliiplicate and 

dementalized in their teeth, sometimes wholly elliptical as to 

teeth, sometimes vast in amplification ; and bearing, through all 

their structure, evidence of great inferiority among the placental 

Mammals. The mean sizes of the Megasthenes ana Microsthenes 

have been shown to be about as 1 : 4. 

Now the Whales, by their enormous muscular power, make it 
manifest, as has been explained, that they are true Megasthenes, 
or that the life-system is really large, not very much smaller per- 
haps than that of the higher Herbivores. Although degradational 
species, they still retain this peculiar feature of the Megasthenic 
type. 

^ This idea is illustrated by reference to the nature of coral poljps in the wri- 
ter's Report on Zoophytes, 4to, 1!)46. 

Ax. Jour. Soi.— SBCOin> Sebdbs, Vol. XXXVII, No. 110.— Mabch, 1864. 
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The Edentates arc also large beasts, and the first impulse, 
tinder the influence of the sense of sight, is to declare them like* 
wise Megasthenes, because they are big enough to be so. Bat 
these animals, large and small, while degradational like the 
Mutilates, are in striking contrast with the latter as regards 
muscular force and all other powers. They are cephalically 
feeble, below other Mammals; and they are of extreme muscular 
debility as compared with a Whale or any Megasthene. There 
is no increase of muscular power because of the deg radation of 
the sensorial and psychical elements, as in the Whale, but a 
general degradation of every function and part. Thus they are 
literally microsthenic in life-system. Compared even with a 
quick-moving Eodent, the slow Sloth is muscularly feeble ; fcr 
relative strength is to be measured, not by the single blow that 
may be given, but by the product of the strength of a single 
blow into the number of times this blow may be repeated in a 
given time, as for instance, in twenty-four hours. 

The Edentates appear therefore to be as truly degradational 
Microsthenes, as the Mutilates are degradational Megasthenea. 
They show their feebleness according to the elliptic method, in 
their head and jaws to an extent not manifested even among 
Mutilates. 

The Edentate type exhibits its inferiority to that of all other 
placental Mammals also in admitting more or less of a com- 
mingling of Beptilian characteristics with the Mammalian, as ap* 
pears in the scale-made or shield-like armor of many species, the 
feeble sensibility of all, and several peculiarities in the skeleton: 
— ^showing thus that the type holds a position in some respects 
between those of Mammals and Eeptiles, or at the extreme lower 
end of the placental series. 

D. Additional Observations. 

m 

1. Grade among groups, — The groups under the several subdi- 
visions in the proposed classification show a gradation in rank 
corresponding with their position. Moreover, the third group, as 
in the higher subdivisions of the animal kingdom, and in those 
presented in the article on Insects, is literally a hypotypic group. 
The hypotypic features are connected either with a more or less 
aquatic mode of life, and gross-amplification, or with long-ampli- 
fication. 

It may be here observed that were we to make the Impari- 
digitates and Paridigitates the two grander divisions of Her« 
bivores, and so unite the Solipeds to the Proboscideans and 
Tapirideans, and the Suideans to the Euminants, the Solipeds 
would have to go, because nietasthenic^ at the foot of the higher 
division, when they have the characteristics of a superior typical 
group, and not those of a hypotypic ; and the Suideans would 
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take their place at the head of the lower, before the Euminants, 
because prosthenic, although decidedly hypotypic in shape, struc- 
ture and stupidity. 

2. Designations of the grades of subdivisions in the tribe of Herbi- 
vores. — Under the tribe of Herbivores, the subdivisions o^. the 
first grade, that is, those of Sthenorhines, Sthenomeres, and 
Sirenians, may be conveniently named subtribes. The subdi- 
yisions of the second grade, or those of Proboscideans, Tapir- 
ideans, etc., may be called tribules, this word being diminutive 
of tribe. 

The subdivisions of the third grade are, with three exceptions, 
families. The three exceptions are that of the Tapiroids among 
Sthenorhines, and those of Cornigers and Nudifronts among 
Sthenomeres, for each of which the term stirps^ one already some- 
what in use in classification, might be employed. The name of 
the group of Rhinocerotids might be written Rhinocerotoids, so 
as to make it coordinate with that of Tapiroids ; but it would still 
contain only the single family of Rhinocerotids^ and the change 
would be adding words to the system without sufficient reason. 
8. Geological History, — The earliest of Herbivores in geological 
history, or those of the opening Tertiary period, were mostly 
species of Tapiroids and Nudifronts — Lophiodon (Tapirid) of 
the earliest Eocene, being one of the genera of the former, and 
Dichobune (Anoplotherid) of the same epoch, of the latter. The 
Lophiodonts led off, therefore, the Sthenorhines, and the Dicho- 
bunes, the Sthenomeres. Later in the Eocene, if not cotempo- 
jraneously, there existed the Paleotheres and the true Anoplo- 
thqres, as other representatives, respectively, of these two grand 
divisions ; and with these there were species of Suideans of the 
Choeropotamid type. The Sirenians were also among the first 
of Herbivores ; and the earliest Eocene genus of these urosthenic 
species, Halitherium, was related to the Halicorids. 

It is to these Eocene species, according to all analogy, that we 
should look for the closest approximation of the two grand 
divisions of terrestrial Herbivores. And so in actual fact, the 
Anoplotherids, as long since observed by Cuvier, have near re- 
lations in structure to the Tapirids and Suids among the Sthe- 
norhines, as well as to the Camelids among Sthenomeres. This 
accords in general relation with the facts among Insects men- 
tioned at page 33 in Art. II. 

In the Paleotheres, among the earliest of Sthenorhines, more- 
over, there was, besides an approximation to the Sthenomeres in 
general structure, an approximation also in long-amplification 
(p. 168), a feature which is typical for the Sthenomeres, but which 
disappeared almost entirely from among the Sthenorhines in the 
later exhibitions of the type. 
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Art. XIV. — Note on ifie position of Amphibians among the classes 

of Vertebrates ; by James D. Dana. 

lN,a recent article by the writer on the Parallel relations of the 
classes of Vertebrates^^ Amphibians are made the inferior division 
of the class of Eeptiles. The usual arguments against this view 
were not alluded to because they were believed to be familiar to 
all interested in the subject, and their discussion at the time 
seemed not to be required. A few words with regard to them 
are here added in order to set forth more distinctly the special 
value of the analogies appealed to in that paper. 

The evidence in favor of separating the Amphibians from 
Eeptiles as an independent class is undeniably of great weight. 
Their approximation to Fishes in embryological development 
and the corresponding divergence from ordinary Reptiles have 
the appearance of being decisive proof that they are as closely 
related to Fishes as to Reptiles, and, therefore, that they occupy 
an intermediate position between the two in classification. 

The chemical researches on the composition of eggs by Fremy, 
made a few years since,^ claiming to show among their results 
" the curious physiological feet that Amphibians, besides passing 
through an early condition of existence like that of Fishes, lay 
eggs which have the greatest affinity in chemical composition to 
those of Fishes," seemed to the writer, when they were first pub- 
lished, to carry the evidence to the most fundamental point in 
the nature of the species, even below that of embryological de- 
velopment. If the fundamental elements thus differ, should sot 
the superstructures also, and far more widely ? 

But the question recurred whether in the subdivision of the 
subkingdoms of animal life into classes, it is not, after all, the 
more correct method to take note primarily of species in their 
finished or adult state ; that is, whether adults do not express 
tlie true idea and nature of species, or the objects to be classified, 
rather than the special series of changes through which the adult 
characteristics are reached. ^ , 

In favor of an affirmative reply to this question, the fact stands 
out prominently that, as regards the subkingdoms in animal life, 
embryology in the hands of the best embryologists has only 
sustained what Cuvier had derived from the study of the adult 
animals themselves ; and in the hands of other embryological 
investigators, and some of the latest, even these great natural 
groups have not been left without mutilation. And as to the 
subordinate divisions under the subkingdoms there is not only 
great diversity in the different embryological systems, but viola- 
tions of natural affinities in all. Professor Agassiz, in his Essay 

* Thi3 Journal, [2], xxxvi, 315, November, 1863. 

' This Journal, [2], xix, 38, 238, xx, 65, 1855, from the Joum. de Fharmacie, 1854. 
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on Classification," criticizes the systems of Van BenedeD, KoUiker 
and Vogt, on account of their violating the structural aflBlnities 
of groups, implying that embryological conclusions have to be 
tested by a reference to the natural types of structure. In nature 
a specific type is often expressed in a long series of species run- 
ning through a very wide range of grade ; and structures so di- 
verse in grade as those of the higher and lower extreme groups 
are diverse in the nature of the changes which take place in the 
course of embrj^ological development. Not appreciating this 
fact, embryological systemists have cut the series, and made bold 
demarcations between parts that are essentially one .in type. 
Thus has resulted the separation of the class of Worms from 
Articulates by both Van Beneden and Vogt, and of the order 
of Cephalopods from Mollusks by the latter, etc. ; and such 
errors will continue to attend upon the decisions of pure embry- 
ology until the precise value of its characteristics in classification 
is understood. 

If, then, the structural relations of the developed animals are 
an authority to which embryology must appeal, the adult Am- 
phibians may claim to be considered, on a question of their rela- 
tions to ordinary Eeptiles, even before their eggs and young. 
Embryology proves that Amphibians and ordinary Eeptiles are 
distinct groups^ as is proved also by structural considerations; 
but, in the present state of the science, it can hardly be said to 
demonstrate that these groups are classes^ coordinate with those 
of Birds and Mammals ; — and I venture to say, as regards the 
separation of groups, that, in no state, will it prove what the 
adult structures will not sustain. 

But, further, if it were proposed to make a Eeptilian whose 
early life should be aquatic, could it be accomplished by means 
of eggs having the same chemical constitution as those of ordi- 
nary or terrestrial Eeptiles? The development, at each step, in- 
volves, and depends upon, chemical changes; and it is hence 

' See the first volume of his Contributions to the Natural History of the 
TJnited States (pages 220 to 232). Even yon Baer, as here quoted, in subdiyiding 
the placental Mammals, places in one group the CarnivoreSj Inseelivoren and Rodenta^ 
and in another Man^ Monkeys^ RtaninantSf Pachyderms and Cetaceans, Van Bene- 
den divides the Invertebrates into two groups, the first, including Insects, Mvria- 
poda, Spiders and Crustaceans, the second, the subkingdom of Mollusks, the infericr 
part of the subkingdom of Articulates, that is, Worms, together with the Radiates, 
Khizopods and Infusoria; and his division of Polyps, among the Radiates, in bis 
latest amendments of his system, includes both Polyps and Acalephs. Vogt makes 
three grand groups of animals : the first, including Vertebrates, and all Articulates 
excepting Worms ; the second, Mollusks, Worms and Radiates ; the third. Infusoria, 
and Rhizopods ; and his division of Mollusks does not embrace the Cephalopods, while 
it does include a tribe of Acalcphj. Recently, Prof. Huxley, in lectures before the 
Royal College of Surgeons, of which a report is given in the Medical Times and 
Gazette, for May, 1868, says, (page 665 Vafter diRCussiug the importance of the 
placenta in Mammals as a basis of classincation, that, in his view, there is no diffi- 
culty in the way of a classification which unites the Proboscideans with the Rodents 
rather than with Paridigitate and Imparidigitate Herbivores. 
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reasonable to infer that the egg which was to be developed when 
bathed in water should thus diflFer somewhat from one that was 
to be developed in the air; and also that such aquatic eggs 
should approach in constitution those of the true aquatic Verte- 
brates, or Fishes. We may safely conclude, further, that the 
method of development for eggs thus different in constitution, 
and at the same time of inferior grade, would necessarily differ 
from those of ordinary Reptiles, and differ by approximating to 
those of Fishes. Accordingly, in Amphibians there may be only 
that divergence from the method of making a Eeptile that was 
required in order that a division of inferior Beptiles should exist 
characterized by a fish-like life in the young state. 

The fact is that the superstructures (p. 184) do not widely differ. 
In the adult state the species are Bepliles in all essential struc- 
tural characters: — they are air-breathing; they have imperfect 
circulation and, consequently, are cold-blooded; and outside or 
inside there are no fundamental differences in type that would 
require a separation from the Eeptilian class. The divergence 
is small compared with that between typical Amphibians and 
Fishes. 

Such considerations are sufficient to authorize the assertion that 
the evidence in favor of regarding Amphibians as Reptiles at 
least balances that on the other side, if it does not outweigh it. 

Now add to the above the analogy drawn from other classes 
of Vertebrates, as presented in the paper referred to in the 
opening paragraph of this article: — that the class of Mammals 
has its inferior subdivision — the Ootocoids, or semioviparou^ spe- 
cies — intermediate between ordinary Mammals and the oviparous 
classes below ; that the class of Birds, according to recent dis- 
coveries, has its inferior subdivision — the Erpetoids, or Reptilian 
species — between ordinary Birds and Reptiles ; and that between 
ordinary Reptiles and the class below, or that of Fishes, there are 
the Amphibians, or fish-like Reptiles; also, that the grand dis- 
tinction between semioviparous and ordinary Mammals is mani- 
fested in their ernhnjological development, or their young state, as 
well as that between Amphibians and ordinary Reptiles; and 
the evidence becomes strong that if Ootocoids constitute a 
hypotypic subdivision of Mammals, so Amphibians constitute 
a hypotypic subdivision of Reptiles. It is not necessary to 
repeat at length the argument on this point, as the reader can 
easily refer to the former paper on the subject. This point is 
illustrated also in the following article in the same volume 
(Article I, On the Classification of animals based on the principle 
of Cephalization) by a wider range of analogies, showing that 
similar hypotypic groups constitute the lower subdivision in 
several departments of the animal kingdom. 
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Art. XV. — On CeUstial Dynamics;^ by Dr. J. E. Mayer. 

The movements of celestial bodies in an absolute vacuum 
would be as uniform as those of a mathematical pendulum, 
whereas a resisting medium pervading all space would cause the 
planets to move in shorter and shorter orbits, and at last to fall 
into the sun. 

Assuming such a resisting medium, these wandering celestial 
bodies must have* on the periphery of the solar system their 
cradle, and in its centre their grave ; and however long the 
duration, and however great the number of their revolutions 
may be, as many masses will on the average in a certain time 
arrive at the sun as formerly in a like period of time came 
within his sphere of attraction. 

All these bodies plunge with a violent impetus into their 
common grave. Since no cause exists witliout an effect; each of 
these cosmical masses will, like a weight falling to the earth, 
produce by its percussion an amount of heat proportional to its 
via viva. 

From the idea of a sun whose attraction acts throughout 
space, of ponderable bodies scattered throughout the universe, 
and of a resisting ether, another idea necessarily follows — that, 
namely, of a continual and inexhaustible generation of heat oa 
the central body of this cosmical system. 

Whether such a conception be realized in our solar system — 
whether in other words the wonderful and permanent evolution 
of light and heat be caused by the uninterrupted fall of cosmical 
matter into the sun — will now be more closely examined. 

The existence of matter in a primordial condition (CTrma^tfnc), 
moving about in the universe, and assumed to follow the attrac- 
tion of the nearest stellar system, will scarcely be denied by 
astronomers and physicists; for the richness of surrounding 
nature, as well as the aspect of the starry heavens prevents the 
belief that the wide space which separates our solar system from 
the regions governedby the other fixed stars is a vacant solitude 
destitute of matter. We shall leave, however, all suppositions 
concerning subjects so distant from us both in time and space, 
and confine our attention exclusively to what may be learned 
from the observation of the existing state of things. 

Besides the fourteen known planets with their eighteen satel- 
lites, a great many other cosmical masses move within the space 
of the planetary system of which the comets deserve to be men- 
tioned first. 

Kepler's celebrated statement that " there are more comets in 

^ Continued from yol. zxxvi, p. 266. 
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the heavens than fish in the ocean," is founded on the fact that^ 
of all the comets belonging to our solar system, comparatively 
few can be seen by the inhabitants of the earth, and therefore 
the not inconsiderable number of actually observed comets ob- 
liges us, according to the rules of the calculus of probabilities, 
to assume the existence of a great many more beyond the sphere 
of our vision. 

Besides planets, satellites, and comets, another class of celes- 
tial bodies exists within our solar system. These are masses 
which, on account of their smallness, may be ^jonsidered as cos- 
raical atoms, and which Arago has appropriately called asteroids. 
They, like the planets and the comets, are governed by gravity, 
and move in elliptical orbits round the sun. When accident 
brings them into the immediate neighborhood of the earth, they 
produce the phenomena of shooting stars and fireballs. 

It has been shown, by repeated observation, that on a bright 
night twenty minutes seldom elapse without a shooting-star 
being visible to an observer in any situation. At certain times 
these meteors are observed in astonishingly great numbers; 
during the meteoric shower at Boston, which lasted nine hours, 
when they were said to fall, "crowded together like snow- 
flakes," they were estimated as at least 240,000. On the whole, 
the number of asteroids which come near the earth in the space 
of a year must be computed to be many thousands of millions.* 
This, without doubt, is only a small fraction of the number of 
asteroids that move round the sun, which number, according to 
the rules of the calculus of probabilities, approaches infinity. 

As has been already stated, on the existence of a resisting 
ether it depends whether the celestial bodies, the planets, the 
comets, and the asteroids move at constant mean distances around 
the sun, or whether they are constantly approaching that central 
body. 

Scientific men do not doubt the existence of such an ether. 
Littrow, amongst others, expresses himself on this point as fol- 
lows : — *' The assumption that the planets and comets move in 
an absolute vacuum can in no way be admitted. Even if the 
space between celestial bodies contained no other matter than 
that necessary for the existence of light (whether light be con- 
sidered as emission of matter or the undulations of a universal 
ether), this alone is sufficient to alter the motion of the planets 
in the course of time and the arrangement of the whole system 
itself; the fall of all the planets and the comets into the sun 
and the destruction of the present state of the solar system must 
be the final result of this action." 

' Compare Prof. Newton's computation of the approximate number of meteors 
in the August ring alone, which makes it more than 300,000,000|000,000 : this Jour- 
nal, zzxii, 451. — Eds. 
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A direct proof of the existence of such a resisting medium 
has been furnished by the academician Encke. He found that 
the comet named after him, which revolves round the sun in the 
short space of 1207 days, shows a regular acceleration t)f its mo- 
lion, in consequence of which the time of each revolution is 
shortened by about six hours. 

From the great density and magnitude of the planets, the 
shortening of the diameters of their orbits proceeds, as might 
be expected, very slowly, and is up to the present time inappre- 
ciabla The smaller the cosmical masses are, on the contrary, 
other circumstances remaining the same, the faster they move 
towards the sun : it may therefore happen that in a space of 
time wherein the mean distance of the earth from the sun would 
diminish one metre, a small asteroid would travel more than one 
thousand miles towards the central body. 

As cosmical masses stream from all sides in immense numbers 
towards the sun, it follows that they must become more and 
more crowded together as they approach thereto. The conjec- 
ture at once suggests itself that the zodiacal light, the nebulous 
light of vast dimensions which surrounds the sun, owes its 
origin to such closely packed asteroids. However it may be, 
this much is certain, this phenomenon is caused by matter which 
moves according to the same laws as the planets round the sun, 
and it consequently follows that the whole mass which originates 
the zodiacal light is continually approaching the sun and falling 
into it. « 

This light does not surround the sun uniformly on all sides ; 
that is to say, it has not the form of a sphere, but that of a thin 
convex lens, the greater diameter of which is in the plane of 
the solar equator, and accordingly it has to an observer on our 
globe a pyramidal form. Sucn lenticular distribution of the 
masses in the universe is repeated in a remarkable manner in 
the disposition of the planets and the fixed stars. 



From the great number of cometary masses and asteroids and 
the zodiacal light on the one hand, and the existence of a resist* 
ing ether on the other, it necessarily follows that ponderable 
matter must continually be arriving on the solar surface. The 
effect produced by these masses evidently depends on their final 
velocity ; and, in order to determine the latter, we shall discuss 
some of the elements of the theory of gravitation. 

The final velocity of a weight attracted by, and moving to- 
ward, a celestial body will become greater as the height through 
which the weight falls increases. This velocity, however, if it 
be only produced by the fall, cannot exceed a certain magni- 
tude ; it has a maximum, the value of which depends on the 
volume and mass of the attracting celestial body. 

Am. Jour. Sci.— Second Sbribs, Vol. XXXVII, No. 110.— March, 1864. 
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Let r be the radins of a spherical and solid celestial body, and 
ff the velocity at the end of the first second of a weight falling 
on the surface of this body ; then the greatest velocity whicE 
this weight can obtain by its fall toward the celestial body, or 
the velocity with which it will arrive at its surface after a fall 

from an infinite height, is >/2gr in one second. This number, 
wherein g and r are expressed in metres, we shall call G, 

For our globe the value of g is 9*8164 .... and that of r 
6,869,800 ; and consequently on our earth 

G=>v/(2X9-8164X6,369,800)=zll,188. 

The solar radius is 112*05 times that of the earth and the ve- 
locity produced by gravity on the sun's surface is 28*36 times 
greater than the same velocity on the surface of our globe ; the 
greatest velocity therefore which a body could obtain in conse- 
quence of the solar attraction, or 

Gz=>v/(2F36X112-06)X 11,183=630,400; 

that is, this maximum velocity is equal to 630,400 metres, or 85 
geographical miles in one secood. 

By the help of this constant number, which may be called the 
characteristic of the solar system, the velocity of a body in cen- 
tral motion may easily be determined at any point of its orbit 
Let a be the mean distance of the planetary body from the cen- 
tre of gravity of the sun, or the greater semidiameter of its orbit 
(the radius of the sun being taken as unity) ; and let h be the 
distance of the same body at any point of iti? orbit from the 
centre of gravity of the sun; then the velocity, expressed in 
metres, of the planet at the distance h is 

J2a— X 
GX 



J 



2aXA* 

At the moment the planet comes in contact with the solar sur- 
face, h is equal to 1, and its velocity is therefore 

ox '^' 



J 



2a 

It follows from this formula that the smaller 2a (or the major 
axis of the .orbit of a planetary body) becomes, the less will be 
its velocity when it reaches the sun. This velocity, like the 
major axis, has a minimum ; for so long as the planet moves 
outside the sun, its major axis cannot be shorter than the diame- 
ter of the sun, or, taking the solar radius as a unit, the quantity 
2a can never be less than 2. The smallest velocity with which 
we can imagine a cosmical body to arrive on the surface of the 
sun is consequently 

Gx 1^=445,750, 
OT a velocity of 60 geographical miles in one second. 
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For this smallest value, the orbit of the asteroid is circular ; 
for a larger value it becomes elliptical, until finally, with increas- 
ing eccentricity, when the value of 2a approaches infinity, the 
orbit becomes a parabola. In this last case the velocity is 



OX 



j^-. 



or 85 geographical miles in one second. 

If the value of the major axis become nagative, or the orbit 
assume the form of a hyperbola, the velocity may increase with- 
out end. But this could only happen when cosmical masses 
enter the space of the solar system with a projected velocity, or 
when masses, having missed the sun's surface, move into the 
universe and never return ; hence a velocity greater than G can 
only be regarded as a rare exception, and we shall therefore only 
consider velocities comprised within the limits of 60 and 80 
miles.* 

The final velocity with which a weight moving in a straight 
line toward the centre of the sun arrives at the solar surface is 
expressed by the formula 




wherein c expresses the final velocities in metres, and h the 
original distance from the centre of the sun in terms of solar 
radius. If this formula be compared with the foregoing, it will 
be seen that a mass which, after moving in central motion, ar- 
rives at the sun's surface bias the same velocity as it would pos- 
sess had it fallen perpendicularly into the sun from a distance* 
equal to the major axis of its orbit ; whence it is apparent that 
a planet, on arriving at the sun, moves at least as quickly as a 
weight which falls freely towards the sun from a distance as 
great as the solar radius, or 96,000 geographical miles. 

What thermal effect corresponds to such velocities ? Is the 
effect suflSciently great to play an important part in the immense 
development of heat on the sun ? 

This crucial question may be easily answered by the help of 
the preceding considerations. According to the formula given 
at tne end of Chapter II, the degree of heat generated by per- 
cussion is 

zziO-OOOlSO^'Xc*, 
where e denotes the velocity of the striking body expressed in 
metres. The velocity of an asteroid when it strikes the sun 
measures from 445,750 to 630,400 metres ; the calorific effect of 

' The relative velocity hIbo witli which an asteroid reaches the solar surface 
depends in some degree on the velocity of the sun's rotation. This, however, as 
well as the rotary effect of the asteroid, is without moment and may be neglected. 

' This distance is to be counted from the centre of the sun.. 
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the percussion is consequently equal to from 27-^ to 55 millions 
of degrees of heat/ 

A.n asteroid, therefore, by its fall into the sun developes from 
4600 to 9200 times as much heat as would be generated by the 
combustion of an equal mass of coal. 

V. The Origin of the Sun*s Heat (continuation). 

The question why the planets move in curved orbits, one of 
the grandest of problems, was solved by Newton in consequence, 
it is believed, of his reflecting on the fall of an apple. This 
story is not improbable, for we are on the ri^ht track for the 
discovery of truth when once we clearly recognize that between 
great and small no qualitative but only a quantitative difference 
exists — when we resist the suggestions of an ever active imagina- 
tion, and look for the same laws in the greatest as well as in the 
smallest processes of nature. 

This universal range is the essence of a law of nature, and the 
touchstone of the correctness of human theories. We observe 
the fall of an apple and investigate the law which governs this 
phenomenon; for the earth we substitute the sun, and for the 
apple a planet, and thus possess ourselves of the key to the me- 
chanics of the heavens. 

As the same laws prevail in the greater as well as in the 
smaller processes of nature, Newton's method may be used in 
solving the problem of the origin of the sun's heat. We know 
the connection between the space through which a body fiJls, 
the velocity, the vis viva, and the generation of heat on the sur- 
face of this globe ; if we again substitute for the earth the sun, 
with a mass 350,000 greater, and for a height of a few metres 
celestial distances, we obtain a generation of heat exceeding all 
terrestrial measures. And since we have sufficient reason to 
assume the actual existence of such mechanical processes in the 
heavens, we find therein the only tenable explanation of the 
origin of the heat of the sun. 

The fact that the development of heat by mechanical means 
on the surface of our globe is, as a rule, not so great, and cannot 
be so great as the generation of the same agent by chemical 
means, as by combustion, follows from the laws already dis- 
cussed; and this fact cannot be used as an argument against the 
assumption of a greater development of heat by a greater 
expenaiture of mechanical work. It has been shown that the 
heat generated by a weight falling from a height of 867 metres is 
only a oVv^h part of the heat produced by the combustion of 

[ * Throtighout this memoir the degrees of heat are expressed in the Centigrade 
scale. Unless stated to the contrary, the measures of length are given in 
geographical miles. A geographical mile ^^ of degree of latitude =1878 metres, 
and an English mile =1609 -metres.] 
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the same weight of coal ; just as small as is the amount of heat 
developed by a weight moving with the not inconsiderable 
velocitv of 85 metres in one second. But, according to the laws 
of mechanics, the eflfect is proportional to the square of velocity; 
ifi therefore, the weight move 100 times faster, or with a velocity 
of 8500 metres in one second, it will produce a greater effect 
than the combustion of an equal quantity of coal. 

It is true that so great a velocity cannot be obtained by human 
means ; everyday experience, however, shows the development 
of high degrees of temperature by mechanical processes. 

In the common flint and steel, the particles of steel which are 
Struck off are sufficiently heated to burn in air. A few blows 
directed by a skillful blacksmith with a sledge-hammer against 
a piece of cold metal may raise the temperature of the metal at 
the points of collision to redness. 

The new crank of a steamer, whilst being polished by friction, 
becomes red-hot, several buckets of water being required to cool 
it down to its ordinary temperature. 

When a railroad train passes with even less than its ordinary 
velocity along a very sharp curve of the line, sparks are observed 
in consequence of the friction against the rails. 

One of the grandest constructions for the production of motion 
by human art is the channel in which the wood was allowed to 

Slide down from the steep and lofty sides of Mount Pilatus into 
le plain below. This wooden channel which was built about 
thirty years ago by the engineer Rupp, was 9 English miles in 
length ; the largest trees were shot down it from the top to the 
bottom of the mountain in about two minutes and a half. The 
momentum possessed by the trees on their escaping at their 
journey's ena from the channel was sufficiently great to bury 
their thicker ends in the ground to the depth of from 6 to 8 
metres. To prevent the wood getting too hot and taking fire, 
water was conducted in many places into the channel. 

This stupendous mechanical process, when compared with 
cosmical processes on the sun appears infinitely small. In the 
latter case it is the mass of the sun which attracts, and in place 
of the height of Mount Pilatus we have distances of a hundred 
thousand and more miles; the amount of heat generated by 
cosmical falls is therefore at least 9 million times greater than in 
our terrestrial example. 

Bays of heat on passing through glass and other transparent 
bodies undergo partial absorption, which differs in degree, how- 
ever, according to the temperature of the source from which the 
heat is derived. Heat radiated from sources less warm than 
boiling water is almost completely stopped by thin plates of 
glass. As the temperature of a source of heat increases, its 
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rays pass more copiously through diathermic bodies. A plate of 
glass, for example, weakens the rays of a red-hot substance, evea 
when the latter is placed very close to it, much more than it does 
those emanating at a much greater distance &om a white-hot 
body. If the quality of the sun's rays be examined in this 
respect, their diathermic energy is found to be far superior to 
that of all artificial sources of heat. The temperature of the 
focus of a concave metallic reflector in which the sun's light has 
been collected is only diminished from one-seventh to one-eighth 
by the interposition of a screen of glass. If the same experi- 
ment be made with an artificial and luminous source of heat, it 
is found that, though the focus be very hot when the screen is 
away, the interposition of the latter cutsofif nearly all the heat; 
moreover, the focus will not recover its former temperature when 
reflector and screen are placed sufficiently near to the source of 
heat to make the focus appear, brighter than it did in the former 
position without the glass screen. 

The empirical law, that the diathermic energy of heat increases 
with the temperature of the sogarce from which the heat is radi- 
ated, teaches us that the sun's surface must be much hotter than 
the most powerful process of combustion could render it. 

Other methods furnish the same conclusion. If we imagine 
the sun to be surrounded by a hollow sphere, it is clear that the 
inner surface of this sphere must receive all the heat radiated 
from the sun. At the distance of our globe from the sun, such 
a sphere would have a radius of 215 times as great, and an area 
46,000 times as large as the sun himself; those luminous and 
calorific rays, therefore, which meet this spherical surface at 
right angles retain only i^^iirTrth part of their original intensity. 

If it be further considered that our atmosphere absorbs a part 
of the solar rays, it is clear that the rays which reach the tropics 
of our earth at noonday can only possess from ra.iinrth to Fir,i^th 
of the power with which they started. These rays when gath- 
ered from a surface of from 6 to 6 square metres, and concentra- 
ted in an area of one square centimetre, would produce about the 
temperature which exists on the sun, a temperature more than 
sufficient to vaporize platinum, rhodium, and similar metals. 

The radiation calculated in Chap. III. likewise proves the 
enormous temperature of the solar surface. From the determi- 
nation mentioned therein, it follows that each square centimetre 
of the sun's surface loses by radiation about 80 units of heat per 
minute — an immense (Juantity in comparison with terrestrial 
radiation* 

A correct theory of the origin of the sun's heat must explain 
the cause of such enormous temperatures. This explanation can 
be deduced from the foregoing statement. According to Pouillet, 
the temperature at which bodies appear intensely white-hot is 
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about 1500® 0. The heat generated by the combustion of one 
kilc^ram of hydrogen is, as determined by D.ulong, 84,500, and 
according to the more recent experiments of Grassi, 34,666, units 
of heat. One part of hydrogen combines with eight parts of 
oxygen to form water ; hence one kilogram of these two gasea 
mixed in this ratio would produce 8850°. 

Let us now compare this heat with the amount of the same 
agent generated by the fall of an asteroid into the sun. Without 
taking into account the low specific heat of such masses when 
compared with that of water, we find the heat developed by the 
asteroid to be from 7000 to 14,000 times greater than that of 
the oxyhydrogen mixture. From data like these, the extraordi- 
nary diathermic energy of the sun's rays, the immense radiation 
from his surface, and the high temperature in the focus of the 
reflector are easily accounted for. 

The facts above mentioned show that, unless we assume on 
the sun the existence of matter with unheard of chemical pro- 
perties as a deus ex machind, no chemical process could maintain 
the present high radiation of the sun ; it also follows from the 
above results, that the chemical nature of bodies which fall into 
the sun does not in the least affect our conclusions ; the effect 
produced by the most inflammable substance would not differ by 
one-thousandth part from that resulting from the fall of matter 
possessing but feeble chemical affinities. As the brightest arti- 
ncial light appears dark in comparison with the suits light, so 
tke mechanical processes of the heavens throw into the shade 
the most powerful chemical actions. 

The quality of the sun's rays, as dependent on his tempera* 
ture, is of the greatest importance to mankind. If the solar heat 
were originated by a chemical process, and amounted near its 
source to a temperature of a few thousand degrees, it would be 
possible for the light to reach us, whilst the greater part of the 
more important calorific rays would be absorbed by the higher 
strata of our atmosphere and then returned to the universe. 

In consequence of the high temperature of the sun, however, 
our atmosphere is highly diathermic to his rays, so that the latter 
reach the surface of our earth and warm it. The comparatively 
low temperature of the terrestrial surface is the cause why the 
heat cannot easily radiate back through the atmosphere into the 
universe. The atmosphere acts, therefore, like an envelope, 
which is easily pierced by the solar rays, but which offers con- 
siderable resistance to the radiant heat escaping from our earth ; 
its action resembles that of a valve which allows a liquid to pass 
freely in one direction, but stops the flow in the opposite. 

The action of the atmosphere is of the greatest importance as 
regards climate and meteorological processes. It must raise the 
mean temperature of the earth's surface. After the setting of 
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the sun — in fact, in all places where his rajs do not reach the 
surface, the temperature of the earth would, soon be as low as 
that of the universe, if the atmosphere were removed, or if it did 
not exist. Even the powerful solar rays in the tropics would be 
unable to preserve water in its liquid state. 

Between the great cold which would reign at all times and in 
all places, and the moderate warmth which in reality exists on 
our globe, intermediate temperatures may be imagined; and it 
is easily seen that the mean temperature would decrease if the 
atmosphere were to become more and more rare* Such a rare- 
faction of a valve-like acting atmosphere actually takes place as 
we ascend higher and higher above the level of the sea, and it 
is accordingly and necessarily accompanied by a corresponding 
diminution of temperature. 

This well-known fact of the lower mean temperature of places 
of greater altitude has led to the strangest hypotheses. The 
sun 8 rays were not supposed to contain all the conditions for 
warming a body, but to set in motion the " substance" of heat 
contained in the earth. This " substance" of heat, cold when 
at rest, was attracted by the earth, and was therefore found in 
greater abundance near the centre of the globe. This view, it 
was thought, explained why the warming power of the sun was 
so much weaker at the top of a mountain than at the bottom, 
and why, in spite of his immense radiation, he retained his fall 
powers. 

This belief, which especially prevails amongst imperfectly in- 
formed people, and which will scarcely succumb to correct views, 
is directly contradicted by the excellent experiments made by 
Pouillet at different altitudes with the pyrheliometer. These 
experiments show that, everything else being equal, the genera- 
tion of heat by the solar rays is more powerful in higher altitudes 
than near the surface of our globe, and that consequently a por- 
tion of these rays is absorbed on their passage through the atmo- 
sphere. Why, in spite of this partial absorption, the mean tem- 
perature of low altitudes is nevertheless higher than it is in 
more elevated positions, is explained by the fact that the atmo- 
sphere stops to a far greater degree the calorific rays emanating 
from the earth than it does those from the sun. 

VI. The Constancy of the Sun^s Mass. 

Newton, aH is well known, considered light to be the emission 
of luminous particles from the sun. In the continued emission 
of light this great philosopher saw a cause tending to diminish 
the solar mass; and he assumed, in order to make good this loss, 
comets and other cosmical masses to be continually falling into 
the central body. 
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If we express this view of Newton's in the langaage of the 
nndulatorj theory, which is now universally accepted, we obtain 
the results developed in the preceding pages. It is true that our 
theory does not accept a peculiar *^ substance" of light or of heat ; 
nevertheless, according to it, the radiation of light and heat con** 
sists also in purely material processes, in a sort of motion, in the 
vibrations of ponderable resisting substances. Quiescence is 
darkness and death ; motion is light and life. 

An undulating motion proceeding from a point or a plane 
and excited in an unlimitea medium, cannot be imagined apart 
from another simultaneous motion, a translation of the particles 
themselves;' it therefore follows, not only from the emission, 
but also from the undulatory theory, that radiation continually 
diminishes the mass of the sun. Why, nevertheless, the mass of 
the sun does not really diminish has already been stated. 

The radiation of the sun is a centrifugal action equivalent to 
a centripetal motion. 

The calorific effect of the centrifugal action of the sun can be 
found by direct observation ; it amounts, according to Chap. Ill, 
in one minute to 12,650 millions of cubic miles of heat, or 5*17 

Saadrillions of units of heat In Chapter IV it has been shown 
iht one kilogram of the mass of an asteroid originates from 
27*6 to 65 millions of units of heat; the quantity of cosmical 
masses, therefore, which falls every minute into the sun amounts 
to from 94,000 to 188,000 billions of kilograms. 

To obtain this remarkable result, we made use of a method 
which is common in physical inquiries. Observation of the 
moon's motion reveals to us the external form of the earth. The 
physicist determines with the torsion-balance the weight of a 
planet, just as a merchant finds the weight of a parcel of goods, 
whilst the pendulum has become a magic power in the hands of 
the geologist, enabling him to discover cavities in the bowels of 
the earth. Qur case is. similar to these. By observation and 
calculation of the velocity of sound in our atmosphere, we obtain 
the ratio of the specific heat of air under constant pressure and 
under constant volume, and by the help of this number we 
determine the quantity of heat generated by mechanical work. 
The heat which arrives from the sun in a given time on a small 
surface of our globe serves as a basis for tne calculation of the 
whole radiating effect of the sun ; and the result of a series of 
observations and well-founded conclusions is the quantitative 
determination of those cosmical masses which the sun receives 
fix>m the space through which he sends forth his rays. 

Measured by terrestrial standards, the ascertained number of 
so many billions of kilograms per minute appears incredible. 

* This ceotrifus^l motion is perhaps the cause of tU^ repalsion of the tails qd 
comets whea in the neighborhood of the snn, as obserred by BesseL 
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This quantity, however, may be brought nearer to our compre- 
hension by Comparison witK other cSsmical magnitudes. 'The 
nearest celestial body to us (the moon) has a mass of about 
90,000 trillions of kilograms, and it would therefore cover the 
expenditure of the sun for from one to two years. The mass of 
the earth would afford nourishment to the sun for a period of 
from 60 to 120 years. 

To facilitate the appreciation of the masses and the distances 
occurring in the planetary system, Herschel draws the following 
picture. Let the sun be represented by a globe 1 metre in diam- 
eter. The nearest planet (Mercury) will be about as large as 
a pepper-corn, 8^ millimetres in thickness, at a distance of 40 
metres. 78 and 107 metres distant from the sun will moTe 
Yenus and the Earth, each 9 millimetres in diameter, or a little 
larger than a pea. Not much more than a quarter of a metre 
from the Earth will be the Moon, the size of a mustard seed, 
2^ millimetres in diameter. Mars, at a distance of 160 metres, 
will have about half the diameter of the Earth ; and the smaller 
planets (Vesta, Hebe, Astrea, Juno, Pallas, Ceres, &c.X at a dm- 
tance of from 250 to 800 metres from the sun, will resemble 
particles of sand. Jupiter and Saturn, 660 and 1000 metres 
distant from the centre, will be represented by oranges, 10 and 
9 centimetres in diameter. Uranus, of the size of a nut 4 centi- 
metres across, will be 2000 metres; and Neptune, as large as an 
apple 6 centimetres in diameter, will be nearly twice as distant, 
or about half a geographical mile away from the sun. From 
JTeptune to the nearest fixed star will be more than 2000 geo- 
graphical miles. 

To complete this picture, it is necessary to imagine finely 
divided matter grouped in a diversified manner, moving slowly 
and gradually towards the large central globe, and on its arrival 
attaching itself thereto ; this matter, when favorably illuminated 
by the sun, represents itself to us as the zodiacal light This 
nebulous substance forms also an important part of a creation 
in which nothing is by chance, but wherein all is arranged with 
Divine foresight and wisdom. 

[To be continiied.] 



Art. XVI. — Second Notice of Recent Researches reloMng to Niebula; 

by A. Gautier.* 

Labors of Lord Rosse ; First Memoirs. — Since 1827 Lord Bosse 
has been engaged in the construction of large specula for astro- 
nomical telescopes. In 1889 he finished his first telescope, whidi 
had a speculum three feet in diameter with a focal distance of 
27 feet, and he described the method of constructing it in a me- 

^ Translated for this Journal from the BihU^iihkqne Uhiveraelle, for Jane, 186S. 
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moir which was inserted in the Philosophical Transactions of the 
Boyal Society of London for the year 1840. Afterwards, he 
undertook to produce specula of larger dimensions, and in 1844 
he completed two, six feet in diameter, with a focal distance of 
66 feet, for the employment of which he constructed a huge tel* 
escope, which he erected in the open air, between two walls 
to which it was attached, near his country seat at Birr (Castle) 
or Parsonstown in Ireland, twenty-five leagues southwest of 
Dublin. 

Lord Bosse has been for several years President of the Boyal 
Society of London. In 1860 he published in the Transactions 
of this ancient and illustrious Society, his first memoir of 16 pa- 
ges quarto upon his observations of nebulae, accompanied with 
K>ur plates representing seventeen of these celestial objects. Be« 
fore noticing nis second memoir upon the same subject, presented 
to the same Society in 1861, 1 will mention some details extracted 
from the preceding memoir. 

In the memoir of 1860, Lord Bosse first pointed out the spiral 
form which he had discovered in many neoulsB, a fact of great 
importance as throwing new light upon the constitution of those 
celestial systems. 

The beautiful nebula, No. 61 of Messier's catalogue, (No. 1622 
of the catalogue published by Sir John HerscheT, in the Phil. 
Trans, for 1883,) is situated in the constellation Canes Venatici^ 
near Bootes^ in about 13** 28« of richt ascension and 48° of north 
declination. It had been described by Messier as a doable neb- 
ula containing stars; by Sir William Herschel as a brilliant 
nebula surrounded at a little distance by a sort of halo or glory, 
and having a companion near. Sir John Herschel had farther 
observed the division of the southwest border of the annulus 
into two branches. Lord Bosse, in 1846, was the first to dis- 
cover the spiral structure forming many circumvolutions without 
carves returning regularly upon themselves. The sketch which 
he gave from many observations with the telescope of six feet 
diameter presents a dozen distinct circumvolutions more or less 
extended. 

" We see," said this astronomer, " that every step of progress 
in optics exhibits a more complicated structure in this nebula, 
and it is more and more difficult to explain it by the dynamical 
laws which prevail in pur solar system. The second nebula is 
evidently connected with the larger one, but the form of the 
nebula being such as is representea in the figure, this connection 
increases the difficulty of conceiving of any hypothesis to ex- 
plain it. It appears m the highest degree improbable that such 
a system exists without interior movement. It is possible to 
unite to this idea that of a resisting medium, but the supposition 
of an equilibrium purely statical is not admissible. Some posi* 
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tive measurements, whether of changes of brightness, or of form, 
or of variations of position, will therefore be most highly intc^ 
esting, but they present great difficulties." Mr. Johnston Stoney, 
whom Lord Rosse associated with himself in these observatioosy 
meanwhile, in the spring of 1849 and 1860, made micrometric 
measurements, assigning in the present memoir the relative po- 
sitions of different stars situated in the nebula. No. 51 of Mes- 
sier, as referred to its central nucleus. The nebula No. 99 of 
Messier, (No. 1178 of Sir John Herschers catalogue,) situated 
about 12** 10"> of right ascension and 16° of northern declina- 
tion, has also given opportunity for some similar measurements. 
This is the second nebula in which Lord Bosse has shown a veij 
distinct spiral structure. He has described also, in bis memour 
of 1860, twelve fainter nebulae of the same class, and he sur- 
mised that some others are of the same kind. He described and 
figured in this memoir five new annular nebulae, in addition to 
the two already contained in the catalogue of Sir John Herschel; 
also some more stars called nebulous, and other nebulae of an 
elongated lenticular form, three of which are represented in the 
plates attached to this memoir. 

The Latest Memoir of Lord Bosse. — The new memoir presented 
by Lord Bosse to the Boyal Society of London in June 1861, 
and which appeared in 1862, in Part III of the Philosophical 
Transactions for 1861, consists of 66 pages quarto. It is accom- 
panied by seven plates, one of which is devoted to the telescope 
of six feet aperture, while the others represent 43 nebulae. This 
memoir is the result of seven years' observations made with his 
g;reat telescope ; but, as Lord Bosse remarks, in a climate so 
foggy as Ireland the labor of a year, measured by the number of 
hours in which it is possible to make good observations of neb- 
ulae, is not considerable^ 

'^ Here,** he says, ^^ in winter celestial objects are usually most distinct, 
and the sky is the darkest before eleven o'clock at night ; the sky bow- 
ev^er soon becomes luminous and the details of the nebulae which are less 
distinct disappear. In spring and autumn the change of light is not so 
prompt nor so decided, but the nights are shorter. Guided by the admi^ 
able catalogue of Sir John Herschel (containing the positions and a sum- 
mary description of ^306 nebulae) we have examined nearly all the more 
brilliant nebulae known^ with the exception of a few in the vicinity of the 
pole, and have observed a great part of the fainter ones. We have not 
especially sought for new nebula, but yet meanwhile many such have 
been accidentally discovered in the immediate neighborhood of nebuitt 
already well known, but they are lor the most part very faint objects pre- 
senting little interest. In ali cases where any peculiarity has been dis- 
covered, such, for example, as a e^irsA curvature, iines or dark spaces, a 
sketch has been made, and the most remarkable oilijects have been sub- 
mitted to a detailed examination, on favoi'able nights, sometimes with the 
aid of a micrometer. In our eminently variable climate, when we em- 
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ploy high magnifying powers and large apertures, vision is more or less 
altered, either by the tremor of the air, or by the vapor, and the state of 
the air varies enormously, in both these respects, from one night to an- 
other, and even from hour to hour. Neither is the performance of the 
speculum uniform. Sudden alterations of temperature in this humid 
climnte produce deposits of dew, and the speculum gradually becomes 
tarnished. It is possible to remedy this by artificial heating, but that 
would produce other difficulties and we have not had recourse to that ex- 
pedient It is thus difficult to say that any celestial object has been ex- 
amined under circumstances altogether favorable. Nevertheless as it is 
not probable that we should be ablQ to add much to the details already 
obtained with the nebulae, unless it be under conditions of the atmos- 
phere particularly advantageous and very rare, I have decided not to de- 
fer longer the presentation of this memoir.'' 

The author begins with numerous details of the processes 
adopted for casting and polishing large specula as well as the 
method adopted for mounting them. As 1 have previously had 
occasion to mention it in my Notice of 1845, I will not follow 
out this subject, which has more interest and importance for 
makers of instruments of this kind than for the public. 

I will merely mention that the specula made by Lord Bosse 
are formed of an alloy of a little more than two parts of copper 
to one part of tin, the specific gravity of the alloy being 8'8. 
The mirrors of three feet in diameter weigh about 1200 French 
pounds, and those of six feet diameter weigh 4 tons or 8000 
pounds. The mounting is not equatorial and the telescope does 
not move very much from the meridian. In order to be able to 
use it constantly it is convenient to have two specula to be used 
alternately, ijord Eosse has made use of the Newtonian form, 
employing a small reflecting mirror, inclined at an angle of 46°, 
which permits the observer to place himself at one side of the 
instrument with an eyepiece. He estimates that a linear magni- 
fying power of about 1800 times is the largest that can generally 
be used with advantage in his telescopes, for the observation of 
nebulae ; but he has occasionally made use of a power of more 
than ^000 times for discovering small stars with the telescope of 
3 feet aperture. On some occasions the 6 feet reflector has ad* 
mitted even more than this; but in the climate of Ireland those 
occasions are rare and of short duration. The author thinks 
that telescopes of even greater dimensions may be constructed 
and employed with advantage in favorable climates, for study- 
ing the details of nebulae of feeble light, as well as to recognize 
a great number that are double or multiple. He also thinks that 
it would be well to employ silver for the second reflection. Lord 
Eosse says he has often experienced much difliculty in choosing 
between numerous observations, in view of the uncertainty 
which sometimes exists in regard to the reality of a fact, pre- 
sented sometimes in one way and sometimes in another, accord* 
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ing to the time of observation. He is disposed in general rather 
to describe in detail the parts of nebulae of feeble light than to 
determine their resolvability into stars. He has made use suo- 
cessively of many mirrors of six feet diameter two or three of 
which have been as perfect as the first ; but, considering the hard 
labor required for removing and repolishing such large specula, 
he acknowledges that a considerable mass of observations have 
been made with mirrors in a condition evidently imperfect. He 
has frequently been able to show, with a telescope of three feet 
diameter, a case of resolvability, while no trace of this kind has 
been perceived by the telescope <5f six feet aperture in its ordina- 
ry condition. Questions relating to the structure of the nuclei 
of nebula furnish remarkable analogies. When they have such 
nuclei they present sometimes a gentle and sometimes a rapid 
increase of light towards the centre, and they sometimes mani- 
fest at this point a stellar appearance which might be considered 
as a real star ; but the impressions made upon the eye at the mo- 
ment of observation cannot be admitted in all cases as real phys- 
ical facts. The author thinks it proper however to make the fol- 
lowing remark. Among the Clusters there may be some, placed 
at a great distance or examined with an instrument of insuffi- 
cient optical power, which may be regarded as nebulas with cen- 
tres of light or of different condensation ; but there does not ap- 
{)ear to be any cluster having a central star of such great bnl- 
iancy that it could under all circumstances be arranged in the 
class of objects having a star at the centre. 

Lord Bosse has made observations in connection with the 
brothers Johnston and Bindon Stoney, and more recently with 
Mr. Mitchell ; the greater part of these observations have been 
made in his absence, but in his opinion they are worthy of none 
the less confidence. Each of these gentlemen has made observa- 
tions for about two years, and has made elaborate drawings Of 
some remakable nebulae. Bindon Stoney, in 1850 and 1851, 
made micrometer measurements of nebulae Nos. 1622 and 2060 
of Sir John Herschers catalogue. The comparison of the re- 
sults with those obtained by Otto Struve and communicated by 
him to Lord Rosse, in a letter dated at Poulkova, June 2d, 1851, 
and inserted in the memoir under consideration, present an ac- 
cordance srenerally satisfactory. Lord Rosse regrets not having 
engaged Mr. Mitchell, who has been charged with these obser- 
vations since the month of May, 1852, to continue the microm- 
eter measurements, the arrangement of the materials of his last 
memoir giving him occasion to Tsuspect some changes in the di- 
rection of certain parts of the nebulae, especially in that of No. 
1905 of HerschePs catalogue. 

The second part of this memoir is composed of a brief risumi 
of observations descriptive of the greater part of the nebulae of 
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Sir John Herschel's catalogue of 1883, arranged in the order 
adopted by that catalogue, that is, according to their right ascen- 
sions. These observations are frequently accompanied, in the 
text itself, hj designs rapidly executed upon wood, representing 
the characteristics of some of the nebulaa, among which are fi^ 
teen having a structure distinctly spiral. 

The memoir is concluded with a list of thirty-five nebulae of 
Herschel's catalogue which have not been rediscovered in the 
course of the ordinary observations of Lord Bosse and his as^ 
sistants, and to which it is therefore desirable that the attention 
of astronomers should be directed anew. 

The drawings of remarkable nebulae have been very faithfully 
engraved by Mr. Basire, as were those of the first memoir. Lord 
Bosse observes however that the stars are frequently figured too 
large. 

From«khe* preceding analysis it appears that the last memoir 
of Lord Bosse, without presenting any very remarkable new 
fiusts, has considerable importance as completing the researches 
upon nebulae visible in Ireland, undertaken by him and his 
assistants. We must admire the persevering energy displayed 
by Lord Bosse, in such a social position as his, whether in the 
construction of his great telescopes, or in employing them to the 
best advantage, as well as the candor with which he has described 
in detail his processes of construction, and pointed out the im- 
perfections which may be noticed in observations of so difficult 
and delicate a character in such a cloudy climate. 

Lord Bosse agrees fully, in his appreciation of the great difii- 
culties to which the observation oi nebulae give rise, with the 
two astronomers who have recently been engaged with him — 
Messrs. Otto Struve and D' Arrest, as may be seen in the brief 
notice of their labors which I inserted in the Archives for Septem- 
ber, 1862. ' 

It does not appear that the observations thus far confirm the 
ideas, previously put forth by some savans, as to the probability 
of a gradual process of concentration of the luminous matter in 
these celestial objects. The spiral structure of a goodly number 
of nebulae accoras but little with these ideas. Lord Bosse re- 
marks, in his first memoir upon this subject, that this structure 
seems to indicate the presence of dynamical laws, to the deter- 
mination of which we may at length arrive ; but he does not 
think that in the actual state of our knowledge it is possible to 
form even plausible conjectures of this kind, and the more he 
has observed the more this investigation has appeared to him 
mysterious and unapproachable. 

IL Varioits Announcements and Arficles relating to Nebulos, — ^Mr. 
D' Arrest has announced, in No. 1879 of the Astr. Nachrichten^ ^ 
the existence of a third variable nebula, north of the constella- 
tion Taurus. This nebula had been seen before at the observa* 
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tory of Bonn, by Messrs. Scbdnfeld and Kriiger, in 1856 and 
1856, and in America, by Mr. Tattle, in 1859. It was then vis- 
ible with a comet seeker of 84 lines aperture, but in 1862 Mr. 
D' Arrest found that it was seen with difficulty at Copenhagen 
with the great telescope of his observatory. 

Mr. Schonfeld, acting director of the observatory of Mannheim, 
published in. No. 1391 of the Astr, Nachrxchten a notice of the 
observations upon nebulae recorded in the surveys of the heav- 
ens by zones made at the observatory of Bonn, in which he de- 
nies the variability of the light of this same nebula of Taurus, 
which he had observed without difficulty, in September, 1862, 
with a telescope of eight feet focal length. The author regards 
the variability of the second nebula of this kind in Taurus as no 
more certain than that of the one discovered in 1855 by Mr. 
Terapel, in the Pleiades, near the star Merope, and designated as 
variable by Mr. D'Arrest, in No. 1378 of the Aatr. Nadirvchteii^ 
Messrs. Chacornac having also observed it with him, in Septem- 
ber, 1862. Mr.. Schonfeld considers that the variability of the 
atmosphere and of the e>e of the observer may occasion very 
diflferent impressions from nebulae of feeble and somewhat dif* 
fused light. 

Doctor Auwers, astronomer at Gdttingen, in a letter which 
follows the preceding article, takes the same view as Mr. Schda- 
feld. From his own observations, made at Kdnigsberg in 1858, 
and at Gdttingen in 1861, he admits indeed the variability of 
the light of the nebula discovered in Taurus by Mr. Hind in 
1852, which appears to have attained its greatest brilliancy ia 
1856, and to have disappeared in 1860, but he does not credit 
the variability of the other two nebulae in Taurus. He says, 
" I have frequently observed, among other occasions at one of 
the appearances of Encke's comet, that celestial objects some- 
what extended, with feeble and diffused light, are more easily 
recognized with small optical instruments than with the larger 
ones, the field of vision of these last being in general quite lim- 
ited." He adds that in September, 1862, he clearly distinguish- 
ed the two nebulae in question, with a comet seeker of two feet 
focal length. • 

Dr. Auwers has also inserted in No. 1392, Astr. Nachr., a cata- 
logue of the exact positions in 1860 of forty nebulae as observed 
with the heliometer of the observatory of Kdnigsberg. This 
catalogue is accompanied with various remarks, and the com- 
parison of the positions given with those of the same nebul» 
m the catalogues already published by Messrs. Langier and 
D'Arrest. These comparisons do not appear to show any 
changes ofposition. 

^ Doctor Winnecke, in a letter dated at the Observatory of Poul- 
kova and inserted in No. 1397 of Ast Nachr.^ confirms the opin- 
ion announced above, that small telescopes frequently enable us 
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to distinguish nebulae better than the larger instruments. He 
does not think the variability of the last two nebulae of Taurus 
has been distinctly shown. 

Mr. D'Arrest, in an article published in No. 1398 Astr. Nachr., 
acknowledges the variability of the nebula near Merope, and 
points out another nebula marked by Jeaurat to the north of 
Pleione, in a chart of the Pleiades published by him in the Mi" 
moires cfe VAcadimie des Sciences of Paris, for 1779, which has not 
yet been rediscovered. He presumes, therefore, that this region 
of the heavens is especially subject to variations of light. 

The same astronomer has announced, in No. 1407 Astr. Nachr,, 
that Sir John Herschel is preparing a new general catalogue of 
nebulae from observations both ancient and modern, and he gives 
on this occasion a list of corrections of the catalogue of 1838, 
resulting fSrom his own observations and those of Messrs. Auwers 
and Marth, which Sir John Herschel will be able to make use of 
in his new work. 

The later numbers of the Monthly Notices of the Astronomi- 
cal Society of London contain no articles relating to nebulae. I 
will cite only one article by F. Abbott, dated at his private ob- 
servatory at Eobart-Town, (Australia,) in May, 1862, and pub- 
lished in the Monthly Notices^ No. 1, Vol. 28, page 32. This ar- 
ticle, presented to the Society at its session Nov. 14, 1862, with 
a drawing which has not been reproduced in the Monthly Notices^ 
is devoted to a cluster of stars in the Southern Cross designated 
by the Greek letter Kappa, " This beautiful cluster," says Mr. 
Abbott, "which Sir John Herschel stated to be composed of 50 
or 100 stars of different colors is scarcely visible with the naked 
eye ; but viewed with a telescope it is one of the most brilliant 
and interesting objects in the southern heavens, not only for the 
extreme beauty of color and arrangement which distinguish it, 
bat also for certain changes which appear to have taken place in 
the number, position and color, of the stars which compose it, 
since it was observed at Feldhausen, near the Cape of Good 
Hope, by Sir John Herschel, about the year 1835." 

The seventy-five stars found in the drawing of Mr. Abbott 
have been observed and their positions determined by him, either 
with a telescope of five feet focal length, furnished with an ex- 
cellent achromatic object glass of 4^ inches diameter, or with an 
achromatic telescope of seven feet, made by Dolland. The mag- 
nifying power employed for determining their positions was one 
hundred and thirty-five, and that for the colors only twentv-seven 
diameters. Many of the stars appear to have changed their po- 
sitions, and a considerable number of those figured in the draw- 
ing of Mr. Abbott are not found in the description and repre- 
sentation made by Sir John Herschel. 

Am. Jour. Sgi.— Second Sbbibs, Vol. XXXVII, No. 110.— Mabce, 1864. 
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Several of the stars have preserved their color, but according 
to Mr. Abbott, most of them have changed ; all the small stars, 
from the tenth to the fourteenth magnitude, have the color of 
Prussian blue, with more or less of a tint of red or green mixed 
with the blue. 

Mr. Bond, of Cambridge, U. S., continues his observations 
upon nebulae. According to a note added to the English trans- 
lation of my review of this subject, in September, 1862, (pub- " 
lished in the American Journal of Saence^ for January, 1863,) this 
astronomer is now preparing to publish a completQ account of 
fourteen years observations upon the nebula of Orion made with 
the telescope of Harvard College ; and the comparisons which 
will result will very probably furnish new and interesting re- 
marks. In another note, the editors of the American Journal 
say that they are authorized to state, contrary to an assertion of 
Otto Struve, reported in my Notice, that Mr. Bond has distinctly 
recognized and recorded, in five original sketches drawn in 1847 
and 1848, the nebulous bridge^ situated upon the Sinus Magnus in 
one of the regions of the nebula of Orion, and that this bridge is 
figured in most of his more recent sketches. 

No. 1383, Astr, Nachr,^ contains a new plate upon a small scale 
of this same nebula of Orion, and also numerous stars situated 
upon and around it, drawn in 1861, by W. Tempel, fi'om his 
own observations made with a telescope of four inches aperture, 
with magnifying powers of only 20 to 40 diameters. 

Finally, I will report a note by Chacornac, entitled ^'NebuUme 
variable deldu Taureau,^^ presented by Mr. Le Verrier to the 
Academy of Sciences of Paris at its session April 6, 1863, and 
inserted in the Comptes Rendu of that meeting, t. 56, p. 637. 

Mr. Chacornac, at Marseilles, in the latter part of 1853 and 
the first part of 1854, noticed a star of the eleventh magnitude 
situated at about b^ 28^™ of right ascension and 21° 7' of north- 
ern declination, without perceiving any nebula at that point; 
but he could not see any at Paris near the meridian towards the 
end of 1854, with a telescope of twenty-five centimeters aper- 
ture, although the atmosphere was very transparent. 

The 19th of October, 1855, he observed a faint nebula pro- 
jecting itself upon this same small star very near to S of Taurus. 
November 10th, the nebula had changed neither its place, di- 
mensions, or form. January 27th, 1856, it appeared to him 
quite brilliant, presenting the appearance of a transparent cloud 
which seemed to reflect the light of t of Taurus ; its appearance, 
totally diflferent from that of the nebula No. 357, (Herschel, 2,) 
gave no idea of stellar points visible throughout the whole ex- ' 
tent of its surface. It was like a light cirro-stratus^ striped with 
parallel bands, presenting a form nearly rectangular, the greater 
side of which measured an arc of 3i minutes, and the smaller 
arc 2^ minutes. 
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November 20tli, 1862, Mr. Chacoraac could no longer find the 
least trace of this nebula, while the small star upon which it was 
projected did not present any variation of brightness ; and the 
nebula has since been invisible with the instruments of the Im- 
perial Observatory of Paris. 

We see by the preceding Notices what a degree of activity 
and interest the researches upon nebulae now inspire, and also 
how many difficulties they present. * It will not probably be 
very long before we may hope to obtain a solution of some of 
the important questions to which they have given rise. 



Art. XVm. — On the action of very weak Electric Light on the 
Iodized Plate; by Ogden N. Eood, Professor of Physics in 
Columbia College. 

About three years ago Dove received from Mr. Gunther of 
Berlin a photograph of a bronze statue of an amazon holding a 
lance in a perpendicular position, Mr. G. at the same time calling 
his attention to a singular mark in the picture, which was not 
in the original. The lance was properly delineated on the neg- 
ative plate, but in addition, just at its tip, a dark streak was 
visible, though nothing of the kind had been observed at the 
time of taking the picture. Careful examination of the plate 
showed two other analogous marks. Dove thought that these 
singular appearances might have been caused by the presence 
of invisible electric brushes, resting on these points, and under- 
took some experiments to determine whether weak electric light 
could be photographed. Geisler tubes were used in a dark room, 
and with the aid of Gunther, he succeeded in obtaining good 
photographs of the stratified discharge,* as Prof. Wm. B. Bogers* 
aad done some months previously. 

This led me to attempt the study of the electric brush by the 
aid of photography, but as its light is incomparably weaker than 
that from a • Geisler tube, I found that no impression was pro- 
duced on the sensitive plate. Being unwilling to abandon the 
matter, a very sensitive collodion was then prepared from py- 
roxyline, in which the cotton fibre was somewhat disintegrated, 
and by its use I finally obtained good photographs of the posi- 
tive, as well as of the negative brush. An ordinary camera 
was employed, and the exposure lasted seven minutes. The 
minute photographs were then enlarged as usual, and prints 
made from the enlarged negatives. 

^ Pogg. AnnaleD, yoL cziii, No.*vii. ' This Journal, zzx, 8S7. 





K<(*tl>i alHIilcknA 



208' O. N. Rood on action of Eltetric Light oit lodixtd Plattt. 

Tbe positive electrical brash coDsists, as ib well known, of a 
short stem with widely branching ramifications; these latter m 
very feint even in the darkest 
tm, and failed to produce an 
I impression on the plate. The 
stem of the brush, which is | 
somewhat more luminous, de- 
lineated itself ns represented I 
on the wood-cut, fig. 1, which 
is irom a photograph magnified 
I ten diameters, ^ 

It is well known that the 
I negative brush is much smaller than tbe posi- 
tive, and it is oflen spoken of as a star or mi- 
nute point of light; the photograph, however, 
shows that this is not the case, but that its 
structure is analogous to that of the positive 
brush, only that the ramification begins lower 
down on the stem, as it were, nearly at its root, as is seen in tbe 
wood-cut, fig. 2, which is from a magnified photograph. 

Action of weak electric light on (lie plate in the presence of dayUght. 
• — The Creisler tubes in the physical cabinet of the college enabled 
me DOW to put the probability of Dove's suggestion to tbe test 
of experiment; some of these were connected with an induction 
coil and photographed in broad daylight, when it was found that . 
the image formed by the electric discharge could be easiJy traced 
through the length of the tubes, and that even the stratification 
was still partially visible. In these cases, however, the electric 
light was still visible to the eye during the discharges. 

Accordingly, to make an exact experiment on this point, a 
eheet of white paper was placed behind one of these tubes and 
white daylight reflected through it towards the camera. The 
intensity of this reflected light was so regulated that the bright 
envdope of the platinum wire was nearly invisible, and the dif- 
fused violet light, at a greater distance from tbe wire, absolute 
invisible. Nevertheless an intense photographic image of the 
envelope, and a very distinct image of the diffused electric light 
was easily obtained, thus proving conclusively the correctnea 
of Dove's assumption, that electric light, which in ordinary day- 
light could not De seen, owing to its feeble illuminating power, 
might yet make itself very evident on the iodized plate, by vir- 
tue of its high percentage of chemical rays. 

This experiment is indeed a very striking proof of the chem- 
ical activity of the electric light, the more so, as according to 
some of my experiments, the iodized plate is by no means as 
sensitive to slight differences in illumination as the human eye. 
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Among the Geisler tubes belonging to the college I found one 
in which bulbs of uranium glass were alternated with small 
tubes of plain colorless glass. When the room was darkened, 
and the ^ectric discharge passed through it, owing to their fluo- 

oenoe the balls shone very brightly, invisible or faintly visi* 

\'}l^i being converted into bright green light. On taking a 
graph of the tube, it was quite surprising to see how blank 
the spaces on the plate, where the images of the green 
IjriBto bad fidlen ; after an exposure of four minutes only one of 
lihe balbfl could be faintly traced, though other portions of the 
disdharge were represented by an intense deposit of silver. 
This shows how completely the electric light is divested of its 
chemical power by dispersion from a thin stratum of this kind 
of glass. 

It might be supposed that uranium glass would cut off most 
of the chemical rays, when ordinary daylight was transmitied 
through it, but this was not found to be the case. I placed the 
Geisler tube with the uranium bulbs, so that the light from a 
bright sky fell directly through it on the lens of the camera, 
the entire aperture of the lens (a " portrait combination " of 
six inches focal length) was used, and the expasure lasted one 
minute. An examination of the negative plate showed that the 
thin walls of the uranium bulbs had merely diminished to some 
extent the chemical power of the rays passing through them. 
The same experiment with a plate of uranium glass two-tenths 
of an inch in thickness gave a result like in kind only differinff 
in degree: the chemical intensity of the light being diminished 
about one-half. This shows, in accordance with theory, that it 
is mainly the dispersed light which has lost its chemical power, 
and that through a plate of even this thickness many chemical 
rays still penetrate. 

A photograph of another Geisler tube, in which the interior 
discharge tube was surrounded by a solution of sulphate of qui- 
nine, was also taken : this liquid by its fluorescent property di* 
minisbed, of course, the intensity of chemical action of the 
electric light, but by no means to the same extent as the ura* 
nium glass. 

Feb. Sd, 1864. 
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Art. XIX. — On Uie Invisibility of NAuhus Matter; by 

D. Trowbridge. 

It has generally been supposed that if nebulous matter, in the 
proper sense of the word, or cosmical vapor, exists in the heav- 
ens, and within reach of our telescopes, it will be visible to the 
eye, with suitable optical aid. It is proposed to show in this ar- 
ticle, with some plausibility, that this is an erroneous idea, except 
in some particular cases. 

Comets are the only celestial objects, whose physical constitu- 
tion is approximately understood, that afford us anything like a 
distinct notion of what nebulous matter is. By far the greater 
proportion of these bodies are composed of materials so extreme- 
Iv raris that the solar rays can penetrate completely through the 
denser portion of their bodies, and the light in some cases seems 
to suffer scarcely any diminution in intensity. Yet these bodies, 
which perhaps would weigh at the surface of the earth but a 
few ounces, or but a few pounds, are distinctly visible with the 
smallest optical aid, and even, under favorable circumstances, 
with the naked eye. Sir John Herschel says, of this class of com- 
ets, that the most unsubstantial clouds which float in the higher 
regions of our atmosphere, must be looked upon as dense and 
massive bodies in comparison with the almost spiritual texture of 
these light bodies. A cloud composed of materials so rare, and 
whose distance from us did not exceed fifteen or twenty miles, 
would scarcely be visible. A comet, however, will be visible 
when its distance from us is many millions of miles. 

What conclusion can we draw from these facts ? Do they not 
indicate that comets do not shine wholly by reflected light ? On 
the 8d of July, 1819, Arago made an attempt to analyze the 
light of comets, by applying his polariscope to the great comet 
of 1819. The instrument showed unmistakable signs of polar- 
ized light, and, therefore, of reflected sun-light. Similar observ- 
ations on Halley's comet, in 1885, more clearly indicated the ex- 
istence of polarized light. " These beautiful experiments still 
leave it undecided, whether, in addition to this reflected solar 
light, comets may not have light of their own. Even in the 
case of the planets, as, for instance, in Venus, an evolution of 
independent light seems very probable." ' 

'* The variable intensity of light in comets cannot always be 
explained by the position of their orbits, and their distance from 
the sun." ' After mentioning Arago 's observations, with his po- 
lariscope, on Halley's comet, in 1835, Mr. Hind says, " Still the 
variation in the intensity of light is not universally such as 
should follow if the comet merely reflected the sun's rays under 

^ Cosmos, YoL i, pp. 90, 91. Boha's edition. * Cosmos, vol i, p. 91. 
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certain permanent conditions, and we are under the. necessity of 
looking to physical causes inherent in the body itself for an ex- 
planation of some few observations which appear irreconcilable 
with the theory of reflected solar light." * ** The molecular con- 
ditions of the nead or nucleus, so seldom possessing a definite 
outline, as well as the tail of the comet, is rendered so much the 
more mysterious from the fact that it causes no refraction."* 

I have collected these facts together to show that reflected 
solar light cannot completely explain, at present, all the phe- 
nomena of the light of comets. Besides the above observations, 
it may be added that the visibility of comets in the day time^ 
and even when near the sun, also indicates a light-generating 
process in the comet ; for otherwise we must suppose them ca- 
pable of reflecting more light than the planets. Indeed, it is 
difficult to see how a body can maintain its gaseous or nebulous 
state without being kept at a high temperature, and therefore, 
having within" itself a light-producing cause.. Assuming, then, 
that there is a light-generating process that is active in comets, 
let 'us see what use can be made of it, and whether it will affora 
us any light on the subject of the visibility of nebulous matter. 

It is now a well-established fact that the heads of comets con- 
tract in dimensions as they approach the sun. This was first 
noticed by Hevelius, but was not established till many years 
afterwards. What is the cause of this condensation of cometary 
matter as the comet approaches the sun ? Whatever may be the 
cause of it, we know that it has a great eflfect on the visibility of 
the comet. Is it not possible that the solar rays, acting chemi- 
cally or otherwise, excites in the comet those principles which 
cause it to send out in greater abundance, direct light? We 
know that a comet will increase in brightness with ^at rapidity 
as it approaches the sun ; and also decrease in brilliancy with 
equal rapidity in general, as it recedes from the sun, so that the 
fainter comets disappear in the best telescopes, when, their ap- 
parent dimensions only being considered, they ought to remam 
visible. The dilatation of the cometary volume seems to pre- 
vent the comet from sending out much light, either reflected or 
direct. 

Applying these principles to nd)ulas proper, we must conclude 
that neoulous vapor is necessarily too diffuse, has too little den- 
sity to be visible, when far removed from us. According to this, 
then, nebulae cannot in general be visible, unless they are consid- 
erably condensed, and perhaps actually converted into stars. It 
is perfectly evident that the luminosity of nebulous vapor must 
be very feeble, even where the light is inherent. The process of 
condensation only, then, can render nebulous matter visible 
through our telescopes. Will not this account for the fiiot that 

' Hind's Treatise on Comets, p. 24. * Cosmoi, toL It, p. 648. 
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higher telespopic power resolves previous nebulae? It is rerj 
doubtful whether our best telescopes will ever be able to bring 
into view any real nebulae. According to the Nebular Hypothe- 
sis, we should not expect to find any large collection of nebu- 
lous matter in the vicinity of our system, either planetary or 
stellar, and ages may pass before our system, in its progress 
through space, will come near any of the small patches tnat may 
exist, so as to render them visible to us. 

Perry City, N. Y, Aug. Slst, 1868. 

Note.— The influence of the magnetic power of the sun, may 
« be a potent cause to render comets visible as they approach the 
great central luminary. It is a fact derived from observation, 
that the sun affects the magnetic needle, and that its period is 
closely connected with the period of the solar spots. It is also 
known that the auroras influence the needle ; and that they are sub- 
ject to the same law of periodicity as the solar spots, and thus 
seem to be connected with solar influence. The effect of the 
auroras is evidently light-producing. 



Abt. y^- — Bemarks on the family Pteriidce^ (^^Aviculidce) with 
descriptions of some new fossil genera ; by F. B. Meek. 

The existing genera of the family Pteriidae form a group at 
once so natural, and so distinctly defined, that conchologists meet 
with little difficulty in deciding what particular genera it should 
include.* When we undertake to classify the more numerous 
extinct genera, however, which were introduced, lived out their 
term, and passed out of existence at various periods during the 
immense interval of time between the first introduction of this 
type of life and our present epoch, the case is very different; 
for we find amongst the vast numbers of fossil species, types 
' presenting various intermediate gradations between the modern 

^ Perhaps the only qaestioD in regard to the limits of this family, as known in 
our existing seas, respecting which late writers on conchology differ, is, whether or 
not it should include the Pinna group. Some think it should, while others make a 
distinct family for the reception of Atrina and Pinna. The latter view seems to 
be more nearly correct ; but whether we view the group as a family or a subfiunily, 
it should probably include the Jurassic genus IHchitea. There is also a curious 
Permian genus that may belong here. Its type is Pinna prisca, Munster, =sAvicula 
pinncBformia, Geinits, (Dyas, p. 77, pL xiv, fig. 1, 2, 8, 4). For this genus I would 
propose the name, Aviculopinna. 

The typical species is an elongated, thin, nearly or quite equivalve shell, with the 
narrow tapering general form, and very long hinge line of J^inna /—from which it 
differs in not having its beaks terminal, but set back some distance from the rather 
obtusely pointed anterior extremity. The beaks, however, are depressed and 
•careely distinct from the cardinal margin, and the gfeneral aspect of the shell seems 
to be wtermediate between that of Pinna, and AviciUa Modiola, It would be 
interesting to know whether or not it has a prismatic structure ; if not, it will most 
probably be fbund to belong to the Mytilidai, 
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representatives of this and some of the dlied groups.* For in* 
stance, no conchologist could be for a moment in doubt whether 
any particular species or genus of our existing Mollusks belongs 
more properly to the Aviculidce or to the Pectenidce. Yet in 
tracing these two families by their fossil shells back into the 
distant past, we meet with various types presenting such an 
assemblage of characters as to often render their proper distribu- 
tion more difl&cult; especially since we have only the light of 
analogy to guide us in our conclusions respecting the structure 
of the softer parts of these extinct forms. Some of these pecu- 
liar species were formerly referred by many paleontologists to 
the genus Pecten, and by others to Avicula; ana even now, since 
the genus Aviculopecten has been established for their reception, 
authors are by no means agreed whether this genus should be 
classed with the Pectenidce or the Aviculidce, 

Again, no one having even a small amount of conchological 
knowledge need be at a loss in deciding to which of the two 
fiimilies, Arddce or Aviculidce, any of our existing species of 
bivalves properly belong. Yet in passing from group to group 
of the ArcidcBj from the recent typical examples, through some 
of the other modern forms, and tnence through various extinct 
types, it will be observed that the hinge plates, or denticles, 
b^me more and more oblique, until in some of the Paleozoic 
genera, such as Cyriodonta, Vanuocemia, Dolabi^a* &;c., only a few 
obscure divisions are to be seen at the remotest extremities of the 
liinge, ranging nearly or quite parallel to the cardinal margin, as 
in Pterinia, BakeveUia, ana some of the other genera apparently 
belonging to the Aviculidce. In addition to this, in many of the 
extinct groups of Aviculidoi, such for instance as OryphorhynchuSj 
Ityalina, Bahevellia, &;c., there is as well a developed cardinal 
area, as we generally see in the Arddce; while this area, in sev- 
eral of these ancient types, is provided with cartilage furrows, 
as in the Arddce. Again, in Pter^nia, and some species of Bake^ 
veUia, we see the anterior muscular impression comparatfvely so 
well developed, that one can scarcely believe it was not made by 
a true adductor; while the eccentric position of the posterior 
muscular impression would seem also to favor the same conclu- 
sion : and yet in all their other known characters these forms 
ngre^ with the Aviculidce. 

In another direction, some of these ancient groups of Aviculidce 

' Whether the introduction, and gradual djing out of the Tarious forms present- 
ing these intermediate characters resulted from the operation of a law of nature, 
like that termed by Dr. Darwin *' natural selection/' or any other, or from repeated 
miraculous creations, it is not the object of this paper to discuss. 

* Ab typified by Cucullcea anguBta Sowerby, which must now be regarded as the 
type of bolahra^ since Prof. Kmg has separated from that genus as first proposed, 
we genus Sehizodus. Dolabraf tUpina Hall, (Iowa Report, 1, part ii, pi 29 fig. 2) 
IB a Sehizodta. 

JouB. Soi.— Second Sbbibs, Vol. XXXVII, No. 110.— Mabch, 1864. 
38 
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seem to show a disposition to shade off towards the MytHtda or 
Dreissenidce, Amongst the Carboniferous and Permian species 
of Myalina^ for instance, we see species presenting exactly the 
form and other general external appearances of the existing 
genera Mytilus and Dreissena, to which even yet some paleon- 
tologists will persist in referring them. On a closer inspection, 
however, these Carboniferous and Permian species, when we can 
find them with the two valves united, are seen to be always a 
little inequivalve, while their hinge also differs from that of tiie 
MytiUdoe and Dreissenidce in having a fiat area with longitudinal 
cartilage furrows. In addition to these differences, I have dis- 
covered that the shell structure of at least two species of Myalina^ 
{M. peraitennuata Meek & Hayden, and At. angulata Meek & Wor- 
then,) is minutely prismatic, like the outer portion of the shell 
in the true Aviculds. It is true that the same structure has also 
been observed by Dr. Carpenter in the inner laver of Dretssena, 
but the unquestionable inequivalve character oiMyalina, in con- 
nection with its peculiar striated cartilage area, and the fact that 
these shells are always found associated with marine types, are 
sufficient evidences that they have no very close affinities to 
Dreissena. 

From an attentive study of the various fossil and recent 
groups apparently falling within the AvicuUdoe or more properiy 
Pttriidce^* the writer has, in the manuscript work on the Paleon- 
tology of the Upper Missouri country, to be published jointly 
with Dr. Hayden, proposed the following diagnoses of the family 
Pieriidoe, and the subordinate groups into which it seems to lie 
divisible : — 

Family PTERIID JE (or Avicultdce). 

Shell inequivalve, inequilateral, composed of an inner lami- 
nated pearly layer, and an outer prismatic substance ; left or 
upper .valve always more cotivex than the other. Anterior 
margin of the right valve generally more or less sinuous for the 
passage of the byssus. Cartilage submarginal, simple, and placd 
m a single cavity or depression near the beaks, or divided and 
distributed in a series of furrows crossing the cardinal facet at 
right angles, — or, in some of the older fossil genera, occupying 
linear furrows in the cardinal area or facet, ranging more or less 
nearly parallel to the hinge line. Hinge with or without teeth. 
Scar of adductor muscle large and usually subcentral ; anterior 
muscular impression generally small and placed near the beak 
Pallial line simple, often irregularly dotted. 

* Since ScopolVs name, PteHa, was regularly established in 1779; while Klein'i 
namef Avicula, was not affirmed by any author understanding or recognizing the 
Linnsan ideas of genera and species, until Bruguiere adopted it in 1789. I think 
2)r. Gray is right in restoring Scopoli's name, Pteria, for this genus. 
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The animal in the existing typical genus has the mantle-mar- 
gins freely open and doubly fringed ; foot small, grooved, and 
Having the power of spinning a byssus; palpi large; gills two 
on each side, crescent shaped, free or connected with each other 
posteriorly, and to the mantle. 

The foregoing diagnosis of the shells of this family is framed 
80 as to include species belonging to three subordinate groups, 
flie first of which, so far as known to the writer, has no living 
representatives, and seems to have been mainly confined to the 
Paleozoic epoch. The other two groups (the Pteriince or Avicu* 
Unce and melininoe) are both represented by living species in 
our existing seas. . These three sections or subfamilies may be 
characterized as follows : — 

1. Pteriniin-j:, (or Pterinia group). 

Cartilage apparently occupying a series of linear furrows, ranging more 
or less nearly parallel to the cardinal margin, in a usually broad, flat- 
tened cardinal facet or area. Anterior muscular scar sometimes mode- 
rately developed, and deep. 

Includes Pterinia, Myaliiia, Amhonychia, and probably Actinodesma, 
Oryphorhynckwty and several undefined Paleozoic groups. A part of the 
species referred to the genus MegamJxmia^ will probably be found to be- 
long to some genus of this group, if not indeed to the genus Pteriniay 
though the typical species appear to belong to the Arddoe, 

2. PrsRiiNiE, ^or AviculincB). 

Cartilage mainly or entirely confined to a single, more or less defined, 
depression or cavity behind the beaks. Anterior muscular impression 
very small. 

Includes Pteropema, Pteria (or Avicula), Margariiifera^ MaUeuSj 
Aucella and Eumicrotis, The following extinct gengra also probably 
belong here, viz : — Monotis, Halobia, Pteronites and Posidonomya^ with 
apparently some undescribed fossil genera. 

3. Mbukinjb, (Pema or Isognomon group.) 

Cartilage divided and distributed along the hinge in a series of furrows 
crossing the cardinal area at right angles to the hinge line. Anterior 
muscular scar generally very small. 

Includes Crenatula, Melina (zzzPema Brug., not Adanson), Bakevellia^ 
Oervilliay Inoceramus and Pulvinites, 

The first two of these sections seem to be more nearly related 
to each other than either is to the third ; and it is not improba- 
ble that they will be found connected by a few Triassic and Ju- 
rassic species presenting intermediate characters, when the hinge 
and interior of a greater number of fossil species are known. 
The Jurassic genus Pteropema, for instance, has hinge teeth 
analogous to those of Pterinia, with apparently a cavity or de- 
pression for a cartilage similar to that of Avicula. Such excep- 
tional cases, however, cannot be urged as a reason for not recog- 

* Megambonia avictdaid€8f and Jf. lamellosa Hall, for instance. 
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nizing the convenience of sections or intermediate groups between 
families and genera, for it is highly probable that if we knew all 
the characters of all the species that ever existed, from the be- 
ginning of animal life to the present epoch, we should find all our 
groups blending imperceptibly together, or at least far from being 
so sharply defined as they appear in works on natural history. 

The JPterinia group, or subfamily, probably includes most of 
the Paleozoic species usually referred to Avicula^ especially 
those from the Silurian and Devonian rocks. Indeed, I very 
much doubt the existence, during the deposition of the Paleo- 
zoic rocks, of true Aviculas^ as that genus is known to concholo- 
gists, and typified by the existing A, Hirun(io. At any rate, I 
have never seen a specimen, nor can I remember a figure, of 
any species showing the hinge of a true Avicula, from any of our 
American Paleozoic rocks. So far as my knowledge extends, all 
the Silurian and Devonian species, the hinge in which has been 
seen, want the cartilage cavity of the modern Aviculas, and have 
the striated hinge facet, or the oblique hinge teeth, (one or the 
other or both) of Pterinia, more or less distinctly marked. In 
addition to this, most of the Silurian and Devonian, and many 
of the Carboniferous species, the hinge in which is unknown, 
present more the external appearance of the European species 
figured by Goldfuss and others, in which the internal characters 
ofPlerima are known to exist. 

Prof. McCoy, some time since, referred three of our American 
Paleozoic species, — A, demissa^ A. pleuroptera, and A. subfalcatOj 
to Pterinia; — and the figures of 4. securiformis Hall show the 
broad striated cardinal facet of that genus. I have also ascer- . 
tained, from th% examination of a very fine natural cast of the in- 
terior of Avicula Flabelia Conrad, from the Hamilton Group, of 
Cayuga Co., N. Y., that it presents all the characters of a true 
typical Pterinia, The specimen examined is a cast of a left 
valve, showing the impression of three rather long oblique hinge 
teeth behind the beak, and of seven or eight shorter ones in 
front, — ^together with the cast of a deep, rather large, anterior 
muscular impression. The Chemung A, acanikoptera Hall, and 
A. spinigera Conrad, present much the general aspect of true 
Aviculas; but Prof. Winch ell describes, from the Michigan rocks, 
a form which he refers to the first of these species, as having "a 
long posterior cartilage facet." 

From all that is now known in relation to the affinities of these 
shells, we may safely infer that probably all of our Silurian and 
Devonian species, especially those of the Hamilton and Chemung 
groups, usually referred to Avicula^ will be found to possess the 
internal characters of Pterinia^ or of undescribed genera. 

It is an interesting fact that the ancient Pierinias seem to bear 
the same relations to the existing Aviculas, or Pterias, that the 
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old Avicuhpectena do to our modern Pectens,* For, in the mod- 
ern types of the Pectenidce and Aviculidce^ the cartilage is mainly 
or entir.ely confined to a pit or depression under or near the 
beaks, while, as already explained, in the Paleozoic Pterinias and 
AviculopectenSf we observe no such pit or depression, the cartilage 
being apparently attached by a series of linear furrows in a more 
or less wide, flattened, cardinal area, much as in the Arcidoe. 
This similarity in the arrangement of the cartilage of Aviculo* 
pecten, to what we see in Pterinia^ Myalina^ and some of the other 
groups here placed as a section of the family Pteriidce {^Avicu- 
lidce), together with the somewhat produced posterior ear of some 
of the AviculopectenSj would have led the writer to concur with 
Prof. McCoy, Mr. Woodward and others, in referring that genus 
also to the Aviculidce, had it not been for the fact, that, on sub- 
jecting sections of a typical Carboniferous species {Avicuhpecten 
amplus Meek & Worthen) to a microscopical examination, it was 
found not to possess the prismatic structure of the Avkulidce^ but 
the peculiar corrugated tabular structure of the Peclenida*. From 
this fact, as well as the less oblique and more Pectenoid form of 
the Aviculopectens, we can scarcely doubt the propriety of includ- 
ing them, with probably several undescribed Paleozoic genera, aa 
a section or subfamily of the Pectenidce, parallel to the ancient 
Ptennia group in the Aviculidas. 

Amongst the genera here included provisionally in the group 
PtertmincBy the new name Oryphorhynchus will be observed. 
This is proposed for the reception of a group of small Triassic 
shells, of which Avicula gryphceata of Munster is the type, (see 
Qoldf. Petref. Oerrn,, ii, p. 127, pi. cxvi, fig. 10, a, 6, c^ dy e^ f, g). 
This genus may be briefly characterized as follows : — 

Genus Gryphorhynchus, Meek — Shell small, thick, nearly 
or quite as wide as long, very slightly oblique, plano-convex, or 
sub-hemispherical, the right valve being flat or concave, and the 
left very gibbous; posterior and anterior margins, somewhat 
sinuous, but neither valve with a defined byssal sinus. Beaks 
sub-central ; that of the left valve elevated, gibbous, strongly 
incurved, and at the extremity directed obliquely forward ; beak 
of right valve truncated so as not to be distinct from the car- 
dinal mar^n. Hinge line equalling the greatest length of th.e 
shell, ranging more or less nearly at right angles to the umbonal 
axis ; in both valves provided with a wide, well defined cardinal 
area. Ears subequal, not produced, concave in the right valve, 
and convex in the left, in which latter the anterior one is sepa- 
rated from the swell of the umbo by a deep oblique sulcus. 
Surface with fine, sometimes decussating striae. Hinge with sev- 
eral small irregular teeth near the middle. 

' The same relations are also obseryed between nearly or quite all of the Paleo- 
soic Jiueuloif to-cidled, and the true Nueulas of our modem seas. 
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This genus includes G. gryphceatus and Q. tenutstriatus (= Atne- 
ula gryphceata and A, tenuistriata^ of Munster, Ooldf. Petref. Oerm^ 
ii, 127-8). 

In the same group may also be placed, as the type of a dis- 
tinct subgenus, another little Triassic species described by Mua- 
fiter as Avicuh decussata {Ooldf. Petref. Germ, ii, 128, cxvi, 12a, 6). 
For this form I would propose the subgeneric name Actinophorus. 
It agrees with the typical species in all essential characters, ex- 
cepting in being much more oblique, in having its posterior 
margin truncated at right angles to the hinge, instead of being 
slightly sinuous; and particularly in haying the left valve orna- 
mented with strongly elevated, distant, radiating costse or pli- 
cations. 

I have not been able to see the prismatic structure in either of 
these types, but, from all analogy, I should suppose it could be 
detected in specimens in a better state of preservation. So far 
as known to the writer, this genus has not been discovered in 
America, and has only been found in the St. Cassian deposits of 
the Tyrol. 

Under the AviculinaB or Pteriinas^ it will also be observed that 
a new generic name, Eumicrotis^ has been introduced. This is 
proposed for a well known type sometimes referred to Avicuk^ 
sometimes to Pecten^ sometimes to Monotis, and by others to 
AuceUa. Its type is Monotis Haioni Meek & Hayden, from the 
Permian rocks of Kansas. It also includes the closely allied 
European Eumicrotis speluncaria^ ( = Oryphxte^ speluncariay of 
Schlotheira, = Monotis speluncaria of King and others) ; also 
M radialis ^(= Peclen radialis Phillips); and E. Oarforihensis^ 
(= Monotis Garforthensis King). This genus may be described 
as follows : — 

Genus Eumicrotis, Meek. — Shell more or less orbicular, plano- 
convex, the left valve being usually very convex, and the right 
flat or a little concave ; not distinctly auriculate, the ears being* 
nearly obsolete. Beaks subcentral, very slightly oblique, un- 
equal, that of the left valve often elevated, gibbous and incurved; 
the other very small, and scarcely projecting above the hinge 
line. Hinge short, narrow edentulous. Byssal notch, or sinus of 
right valve, narrow, deep, sharply defined and separated from the 
hinge line by a small rudimentary ear, which does not project 
beyond the anterior margin of the valve. Scar of adductor mus- 
cle large and subcentral, those of the retractors small and placed 
near the beaks. Surface generally with radiating, vaulted, scaly 
oostae, much more strongly marked on the left than on the right 
valve. 

The species of this genus have been usually referred to Bronn*s 
genus Monotis. A careful comparison, however, of our Kan- 
sas specimens of the species described by the author in con- 
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nection with Dr. Hayden, under the name Monotis Baumi, with 
authentic European specimens of the type of Bronn's genus-, 

S Monotis salinarius) now in the collection of the Smithsonian 
institution, has satisfied me that they ought not to be placed in 
the same genus. In the first place, the type of Monotis is an 
obliquely oval, compressed, very nearly equivalve shell, with 
depressed, subequal beaks, presenting altogether a marked con- 
trast with the general physiognomy of the shells belonging to the 
Permian and Carboniferous group under consideration. The 
most important difference, however, is the total absence of any 
traces of a byssal sinus in the anterior margin of either valve of 
the typical Monotis^ the anterior margins of both valves being 
smooth, rounded, and without even the most obscure indication 
of an emargination, to represent the deep, sharply defined, byssal 
sinus of Eumicrotis, 

I know nothing of the hinge, or of the microscopical struc- 
ture, of Monotis salinarius, the specimens at the Smithsonian 
Institution being firmly imbeddecl in the very hard brittle ma- 
trix, and not in a condition to show any traces of minute struc- 
ture. Dr. Carpenter, however, has examined a species — Avicula 
cygnipes, of Phillips — (which is unknown to the writer), supposed 
to be congeneric with the type of Bronn's genus, and finds it to 
possess the structure of the Pectenidce, rather than that of the 
AviculidoB. On examining thin sections of our Kansas shell, 
the type of the genus here described, by the aid of a magnifying 
power of about three hundred and fifty diameters, the prismatic 
structure of the Aviculidce is distinctly visible. 

Prof. McCoy was evidently much nearer right when he referred 
the European species of this group to Count Keyserling's Juras- 
sic genus Aiicella, than those who identified them with Bronn's 
genus Monotis. Aiccella, however, although more nearly allied, 
was founded upon a distinct group of oblique, gibbous snells, all 
of which are destitute of radiating costae or striaj, but ornamented 
with concentric undulations, giving them much the general ap- 
pearance of some species of Inoceramus. They also have a small 
peculiar concave ear just in front of the beak of the left as well 
as of the right valve, formed by the inflection of the margin of 
the valve, unlike anything we see in the left valve of Eumicrotis: 
Count Keyserling's figures and description also show that the 
scar of the adductor muscle is placed much nearer the ventral 
margin in Aucella than in Eumicrotis, Aucelia would therefore 
seem to bear similar relations to Eumicrotis, that Posidonomya 
does to Monotis proper, as typified by M. salinarius. 

It is remarkable that, even in late European publications, we 
see the so-called Monotis speluncaria placed in the genus Avicula. 

There is still another small group of Jurassic shells represented 
by one species in our collection from the far West, for which I 
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had thought a subgeneric name should be proposed. Farther 
comparisons, however, with specimens of some European species 
of this type, have led to the conclusion that these little shells 
form a section of the genus Eumicrotis^ probably too closely con- 
nected by some intermediate forms to merit a distinct subgeneric 
name. The western species of this section alluded to above is 
Aviculaf curia Hall, {cmta^ typ. err., Stansbury*s Report^ Expl 
Great Salt Lake, 412, pi. ii, fig. 1, a, b.y This section also incluaes 
the very closely allied European species Monoiis substriata Mon- 
ster: also M. decussaia, and M. Alberti Munster, {OoUtf, Pdartf, 
Germ,, ii, p. 138-9,) as well as a species figured by Goldfuss as 
Monoiis echinati, (id., pi. cxxi, 6.) 

These shells have much the general outline of the typical spe- 
cies of JEumicroiis, being short or suborbicular and but very 
slightly oblique, without any anterior ear, and generally hav- 
ing the posterior ear much abbreviated. They diflfer, however, 
in being smaller as well as more nearly equivalve shells, and 
in having the beak of the left yeAve much less prominent. Their 
valves are also destitute of an oblique sulcus often seen extend- 
ing down the posterior side of the typical forms of EumicrolM^ 
and have a more regular appearance. They have generally a 
merely striated surface, and a very sharply defined byssal sinus 
near the beak of the right valve ; in some of the species, how- 
ever, the left valve has small radiating scaly ribs. 

The structure of E, (Avicula) curia Hall sp., as seen by trans- 
mitted light under a high magnifyiDg povrerf is finely prismatic. 

In conclusion, I would remark that the numerous widely dif- 
ferent types from the older rocks, figured in the various works 
on Paleontology under the names Avicula^ Pecten, &c., show 
that much has yet to be done in classifying these shells, and that 
it will be necessary to establish a number of new genera for 
their proper distribution. I would also call the attention of 
paleontologists to the valuable assistance to be derived, at least 
in many cases, from microscopical examinations, in determining 
the family afllnities of the ancient fossil genera of Aviculida^ 
ArcidcesLXid Pecienidas ; especially, where the condition of the 
specimens under investigation is such as to prevent the nature 
of the hinge and interior from being determined. How far, how- 
ever, the aifferent types of structure may have been constant, 
amongst all the ancient genera of these families, remains to he 
determined by the examination of a larger number of species. 

^ The figures here referred to are Dot recognizable, but we know our shell to be 
the same, from comparing our specimens with the type of that S]»ecie8, collected at 
the same locality. 
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Abt. XXL — On some Minerals of the Chlorite Group; by John 

B. Pearse. 

The diversities of color- among the varieties of the mineral 
species are in many cases still unexplained. A case of this kind 
occurs in the so-called kammererite, from Lancaster county, Pa*, 
of whi«h there are three kinds — one colored pure green, a sec- 
ond red and green, while the third is of a pure red. The fol- 
lowing investigation was undertaken to determine, if possible, 
the c^use of this variation; and as the results have proved 
interesting, they have been further discussed in their general 
relations. 

The mineral is in distinct crystals. There is the strongest evi- 
dence that all belong to the trimetric system, closely resembling 
many specimens of chlorite and some crystals of clinochlore. 
They are usually hexagonal in form, rising from their base as a 
truncated pyramid, but the lateral surfaces are so striated as to 
be incapable of measurement. The pyramid is made up of a 
pile of crystalline plates, with their slightly projecting edges 
manifestly replaced, indicating a dome and an octahedron. 

The three varieties are well defined, the color of the first be- 
ing a pure green, sometimes a rich emerald-green, while that of 
the second varies considerably between these two tints, being 
sometimes of a pure white; and that of the third is red, with an 
occasional tinge of reddish-white. In the second, the colors are 
confined to the laminae, instead of mixing and giving a medium 
tinge. The third was also dichroic in the direction of the planes 
of its axes, being red in the direction of its shorter lateral axis, 
but of a violet-blue or hyacinth in that of the longer axis. 

The hardness of the green and red is 2*75; the specific grav- 
ity of the green at ei"" Fahr. 2-355, that of the red 2-883, which 
is perhaps a little too low, as it was impossible to free the crys- 
tals of a few minute bubbles of air. They consist of flexible 
micaceous plates, with a vitreous lustre, and white streak. Their 
blowpipe reactions show the presence of chrome, and silica, the 
absence of manganese in both, and the absence of fluorine* in 
the green. Traces of the alkalies were shown in the red. Both 
the green and red are soluble in sulphuric acid with separation 
of silica, but are not acted on by chlorhydric acid. The pur- 
plish green not being obUiin^d in sufficient quantity is not in- 
cluded in this description. This deficiencv however proved un- 
important, as the analysis showed its identity with the red. 

Extreme care was taken in selecting the material for analysis. 
Fresh and perfect crystals were used for each analysis of the 
same variety, in order to certify undeniably the composition. 
Am. Joub. Sci.— Second Sbbibs, Vol. XXXVII, No. 110.— March, 1864. 
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In no case was any crystal chosen the color of which was in- 
distinct. 

The following is an outline of the method of analysis adopted. 
After solution by means of carbonate of soda, and cblorbydric 
acid, the usual' precautions being taken for an accurate estima- 
tion of the silica, the iiltrate was rendered slightly alkaline witti 
ammonia which precipitated the sequioxyds of iron, chrome and 
aluminum, with part of the nickel. This precipitate Iwing dis- 
solved waa treated with acetate of soda, which separated the 
nickel oxyd from the sesquioxyds; the latter was then dried, 
weighed, pulverized carefully with carbonate of soda, and then 
fused together with nitrate of potash for chrome. This metal 
was estimated with the precautions detailed by Genth." The 
residue being again dissolved, the iron was separated &om the 
Aluminum by caustic potash with the addition of sulphid of 
potassium. Great care was taken that the sesquioxyds of iron 
and aluminum were free from silica and perfectly washed. Ths 
nickel remaining in solution after the acetate separation wm 
precipitated by sulphid of potassium. The filtrate from the 
ammonia precipitation, after the destruction of the ammonia by 
nitric acid, was treated by sulphid of potassium, as above, to 
eeparate the nickel from the lime and magnesia. The lime was 
precipitated as o:salate, and estimated as sulphate ; the magneais 
in the usual way. After the solution of tne sulphid and the 
estimation of the oxyd of nickel, the oxyd was redissolved, and 
separated by ammonia from the impurities which cling to nickel 
so closely. The analyses, so described in outline, gave the fol- 
lowing results — two determinatious being generally made of each 
constituent of the green and reddish-green. 







Green. 






Reddifih-green 




Rei , 




No, I. 


No. 2. 








Avtnig. 




SiO,» 


28- BOO 


SS'444 


ss-eaa' 


31B1B 




8r8B7 


3I-31S 


Al.Oj 


188711 






1374S 




13-746 


13-8*0 


Cr.Oj 


1-936 


2'oo'o 


l'Bfl7 


2'1B4 




3-1B4 


2-98! 1 


Fe,0 
Ni,0 


3-8B2 


S-60fi 


a-iB* 


E307 




2-3D7 


2-461 ■ 


■S10 




■svo 


■231 


' "200 


■21 D 


■450 


Ca,0 


1-B90 


!-Vo's 


i'44e 


1-273 




1-273 


-Sit 


Mg,0 
H,0 




3a'i83 


82' 136 


84-871 


34-939 


84-901 


SB-OiO 


13900 


UlSB 


14025 


13-933 


14-033 


13-SB3 


13-200 








100-664 






100-436 


Hii'oai 



• Si = 38-4, = 16. 
The joint weight of sesquioxyds in the green was 2o-68 and 
24'89 ; that of their separate determinations 24'32, the latter con- 
firming the former, after exclusion of silica. These analyses 
show that the red and reddish-green are identical, but that they 
ditEex from the green. Since there is one per cent more of oxyd 
' Chem. ITewi, vol vi, p. 82. 
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of chrome, and one and a third per cent less of protoxyd of 
iron in the red than in the green, the first question as to the 
cause of the difference of color is unanswered by analysis. It 
is possibly due to molecular arrangement. 

The following formulae exhibit the number of 6ach class of in- 
gredients, the sesquioxyds of chrome, iron, and aluminum being 
represented by Al^Og and the protoxyds of magnesium, calcium, 
iron, and nickel, by Mg^O, because aluminum and magnesium 
constitute by far the larger proportion of the bases. 



GreeD, 
Red, <fec., 



6Si02+2Al403+9Mg20+8H20. 
TSiO2+2Al4O3-(-i3Mg2O+10H2O. 



Without attempting at present to reconcile these numbers to 
any theory of the silicates, it will prove interesting to discuss 
the reliable results of analysis attained by different chemists, with 
different specimens of this and other minerals referable to the 
chlorite group. In order to show their mutual relations more 
clearly, I subjoin a table of their atomic composition, reducing 
them all to the proportions arising from two atoms of alumina. 

Proportion of atoms in chloritic minerals. 



SiOa AI4O3 MgaO H,0 



1. Eammererite, crystallized, 5 
. 2. My groen, ** 5 

3. Chlorite (average analysis) 6 

4. Eammererite, fibrous, 

5. Ohonikrite, massive, 

6. Rhodophyllite, crystallized, 

7. My red, 

8. El&muererite, 

9. Pyrosclerite, 

10. Tabergite, 

11. Eammererite, crystalline, 

12. Pyrosclerite, impure. 



(t 



u 



6 

1 
1 
% 
8 
8 
9 
9 
9 



2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 



8 
9 

10 
10 
10 
12 
13 
14 
12 
14 
11 
14 



8 

8 

8 

8 

6 

10 

10 

10 

10 

10 

10 

6 



Analyst. 
Hermann. 
Pearse. 

Rammelsberg. 
Hermann, 
von Eobell. 
Genth. 
Pearse. 

Smith <&; Brush, 
von Eobell. 
Svanberg. 
Hartwall, Garrett. 
Lychnell. 



A study of the above series of niinerals by formulae, and by 
their general agreement in external characters, establishes their 
relations and connection. I might have extended the list to em- 
brace epichlorite, metachlorite, ripidolite, delessite, etc., but the 
above are sufficient for the discussion. 

Genth's analysis of rhodophyllite (6) gives nine or ten atoms 
of water, and twelve atoms of magnesia ; my red, and reddish- 
green (7) give ten atoms of water and rather less than thirteen 
atoms magnesia. I therefore prefer the formula I have given for 
Genth's rhodophyllite, with which my red is identical. Smith 
k Brush's kammererite diflfers from rhodophyllite by an atom 
of olivine. These two formulae may be regarded as reliable, be- 
ing derived from well executed analyses of crystallized specimens. 
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We may reject at once from the above list chonikrite (5\ and 
pyrosclerite (12) as impure. The kammererite of Hartwall and 
Garrett (11) not being quite pure, and differing but slightly from 
Von KobelPs pyrosclerite (9) might be referred to the latter, as 
Dana has done.' But as pyrosclerite (9) differs by only one atom 
of silica from rhodophyllite, the latter in crystals, and the former 
of doubtful purity, pyrosclerite may be regarded as a less pare 
rhodophyllite. Svanberg*s tabergite difters from Smith and 
Brush s kammererite by only an atom of silica, and because the 
latter was in crystals, it is the true mineral, and the former an 
impure exhibition of it. I therefore refer the formulae of 9, 10, 
and 11, to 6, 7 and 8, or 6 and 8. 

It is noticeable that Hermann's kammererite (4) is identical 
with chlorite, as determined by Eammelsberg's discussion of the 
letter's composition, but the former being fibrous, its purity may 
be doubted, and its formula set aside. The formula of chlorite 
is accepted as correct. 

Comparing my green crystals (2) with Hermann's kammer- 
erite (1) it is seen that they are manifestly identical ; but as mine 
were carefully selected, perfect, transparent crystals, I give the 
preference to my own formula. Comparing my green with chlo- 
rite, it is clearly distinct ; and I have therefore named it Orastite, 
(Greek y^tian?, grass) ^ from its green color.' 

Our critical examination of the above series of minerals lim- 
its their number to four, viz. Nos. 2, 3, 6, (7) and 8, which are 
here presented as distinct varieties, together with the formulae of 
olivine, augite, and serpentine, for the sake of further discussion. 

Kos. 

2. Grastite, 

3. Chlorite, 
6. Rhodophyllite, 
6. Kammererite, 

Augite, 
Olivine, 
Serpentine, 

A comparative study of the above shows the following re- 
markable differences between these varieties of the chlorite group: 

Grastite + augite = chlorite. 
Grastite -f" serpentine =: rhodophyllite. 
Grastite -f" olivine -f- serpentine = kammererite. 

In other words, the differences of composition between mem- 
bers of the chlorite group are the simpler minerals associated 
with them in locality, or from which they have been heretofore 
assumed to be derived. 

' My apology for a new name is that not one of those heretofore proposed for 
any memoer of this group is applicable. 
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Pearse and Hermann. 


6 
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10 


8 


Many analysts. 


7 
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12 


10 


Genth and Pearse. 
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14 


10 


Smith & Brush. 
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4 


S 


2 





/. B. Pearse on Minerals of the Chlorite Group, 325 

If I may be allowed to hazard a conjecture as to the introduc- 
>n of alumina to those simple minerals to buildup the chlorite 
'oup, I suggest that it is due to the conjoined influence of adja- 
nt decomposed feldspar, and a solution of magnesia. For de- 
>mposed feldspar, I take the most general composition of kaolin, 
id for solution of magnesia, brucite. Grastite and kammer- 
ite may be supposed to be formed thus : 



Grastite : 


SiO, 


AI4O3 


MgaO 


H,0 


1 atom of kaolin, 


3 


2 




3 


2 " ** olivine, 


2 




4 




6 " "brucite, 






5 


6 


1 " " grastite. 


5 


2 





8 


KS^ramererite : 










1 atom of kaolin, 


3 


2 




3 


3 " ** olivine, 


3 




6 




1 " " serpentine. 


2 




4 


2 


5 " '* brucite. 






5 


5 


1 " " kammererite. 


8 


2 


"iT" 


10 



A moment's consideration will show that these conjectures are 
Dt unfounded. Chlorite is found where talcose matter and feld- 
)ar are associated or near together, and is supposed to arise 
om augite. The others are found in or near serpentine with 
Jjacent feldspar, and serpentine has been supposed to be de- 
ved from olivine. The locality in which grastite, rhodophyl- 
te, and kammererite are remarkably developed, viz. Lancaster 
>unty, Penn., abounds in brucite. In fact brucite either as such 
p altered into serpentine, is a common constituent of serpentine 
)ck. Thus the marraolite of Hoboken, and of other localities, 

pure serpentine, exhibits all the crystalline peculiarities of 
rucite. A similarly altered brucite from Siberia, in the coUec- 
on of J. A. Clay, Esq., of Philadelphia, has the precise hex- 
gonal forms of the fine crystals of brucite from Lancaster Co., 
'enn. We have therefore only hazarded a natural conclusion, 
lat chloritic minerals are formed from their simpler mineral 
ssociates. 

Philadelphia, Oct. 26th, 1868. 
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Art. XXIL — Notice of a small collection of Fossils from the PoU- 
dam Sandstone of Wisconsin and the Lake Superior Sandstone of 
Mic/iigan ; by Prof. Alexander Winchell. 

The University of Michigan is in possession of a small collec- 
tion of fossils from the Potsdam Sandstone of Sauk county, 
Wisconsin, contributed by one of the alumni^ Joseph W. Wood. 
The interest which attaches to every vestige of organic life be- 
longing to this age induces me to offer a few words in reference 
to the new data in my possession.* 

Mr. Wood, in transmitting the specimens, writes : * * * 
" They are found overlying, and in connection with, the " quartz- 
ite" of ihe Devil Lake' and Baraboo Bluffs. * * * The quarlz- 
ite is an indurated sandstone containing ripple marks in abund- 
ance — also conglomerates, and, in places, thin layers of talcose 
slate. It has been upheaved along an east and west axis, * * * 
the main ridge pushing the Wisconsin river to the east, where 
it almost forms a junction with the Fox, and at which point the 
two are joined by a canal. There are many minor ridges, run- 
ning both parallel and crosswise." About three miles south of 
the village of Baraboo, the main ridge has been broken open, 
forming an anticlinal valley, in which rests Devil Lake — the 
semi-stratified quartzite dipping rapidly toward the north-north- 
east on the east side, and rapidly toward the northwest on the 
west side, and forming bluffs 450 and 500 feet high on the two 
sides respectively. The longer axis of the lake is transverse to 
the main axis oi the ridge. South of the bluff, on the east side, 
and beginning opposite the southern portion of the lake, is a 
low, level valley, which extends eastward to the Wisconsin 
river. South of the valley, and bounding the lake at its south- 
ern extremity, is a low bluff presenting nearly horizontal strati- 
fication ; but probably dipping gently southward, since, in the 
region three or four miles farther south, it supports the first out- 
liers of the Calciferous sandrock. 

The high bluffs surrounding the lake are described by Mr. 
Wood (and also by Prof. Hall in the Wisconsin Eeport) as con- 
sisting entirely of bluish or iron-stained quartzite, exhibiting a 

' The present paper was written and accepted for publication in this Journal be- 
fore I had become aware of the existence of the very important paper recently 
issued by Prof. Hall on the Potsdam sandstone of the Northwest. Of the patience 
and research whose results are set forth in this exhaustive monograph, I here express 
my great admiration. It will nevertheless be observed that Prof. Hairs monograph 
does not embrace a notice of any fossils found as far south as those which form the 
subject of this paper ; and I feel that some interest must still attach to the descrip- 
tions which are here presented. It will appear evident that a few features have 
been added to the present paper since the appearance of Prof. Hall's monograph. 
Other recent information from Mr. Wood has also been incorporated* 

' Sometimes improperly styled '* Spirit Lake." 
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gradual passage into an overlying conglomerate, which, in turn, 
assumes, above, the characteristics of the Potsdam sandstone. 
Both insist on the absolute continuity and conforraability of the 
(jiiartzite, conglomerate and sandstone. Mr. Wood says : ** It 
is in the northern slope of the main ridge (on the east of the 
lake) that I found these fossils. If the sandstone containine 
them shall be called 'Potsdam,* and the main ridge 'Quartzite/ 
then I should say that they were a continuous deposit ; and I 
do not know of any reason for separating them, only that they 
differ in hardness ; while it is only at the extremes of the scale 
that this difference is manifest." Prof. Hall states {Oeol Hep, 
Wis. 1862, pp. 11 and 12) that the quartzite is terminated up- 
ward by a conglomerate which graduates into the Potsdam 
sandstone ; and agrees with Mr. Wood, that '* in some cases the 
passage from the conglomerate to the sandstone is so gradual 
that it is impossible to point out a line of demarcation. In the 
lower part," Prof. Hall further says, ** the conglomerate is so des- 
titute of any other materials than the sand and pebbles of the 
quartzite below, that it bears little affinity to the sandstone 
above." Nevertheless, Prof. Hall is of the opinion that "the 
quartzite holds the same relative pasition to the Potsdam sand- 
stone as the Huronian system of the Canada survey." 

Some of the fossiliferous fragments forwarded by Mr. Wood 
contain pebbles three-fourths of an inch in diameter ; and I 
should infer from this circumstance, as well as the position of 
the fossils upon the northeastern flanks of the bluflE, that the 
remains under consideration occupied a place near the boundary 
line between the conglomerate and tne recognized Potsdam 
sandstone. 

I insist particularly upon the stratigraphical position of these 
fossils, because they show, contrary to the conclusions of Prof. 
Hall's monograph, that Dicellocephalus and Ptychaspis occur at 
the recognized base of the Potsdam sandstone, as well as above. 
The alternative of this conclusion is an admission that the con^ 
glomerate and quartzite are truly (as they appear to be) the down' 
ward continuation of the Potsdam sandstone, and the prolongation 
of beds which, further north, exhibit a more typical character. 
If, as I infef from Mr. Wood's communications, the mass of 
quartzite is superimposed, a little farther south, by the outliers 
of the Calciferous sandrock, this fact would give countenance to 
the alternative suggested. 

SCOLITHUS LINEARIS. 

S. linearis Hall, is present in abundance in some of the frag- 
ments, in the form of straight, cylindrical, nest-like cavities, two 
or three inches long, extending vertically to the planes of bed- 
ding. They vary from -05 to '27 of an inch in diameter. 
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Ortiiis Barabuensis, n. 8p. 

There are several imperfect specimens of an Orthis^ apparently 
of the type of 0. bi/oratus. The form is transverse, with a 
straight hinge-line, and the sub-equal beaks a little elevated 
above it. Greatest width of shell along the hinge, in front of 
which the sides are considerably constricted, and continue to 
approach each other, though less rapidly, to the somewhat 
straight anterior margin. Ventral valve with a sinus of mode- 
rate depth, which is rather broad, and near flat at bottom. Sur- 
face with sixteen or eighteen ribs visible on the cast, the 
strongest of which limit the mesial sinus, which has in the 
middle a barely visible costal ridge. The interior of this valve 
exhibits a pair of rudimentary hinge teeth, separated by a tri- 
angular foramen. The interior myary scars occupy only a 
small space near the beak, and present an elliptical outline. 
The dorsal valve is equally convex with the ventral, and ex- 
hibits a broad, depressed mesial fold. 

Length of hinge-line -76 (100) ; length of shell from beak to 
anterior margin '38 (60). 

Dr. D. D. Owen {Bep, Wis, lo. and Min., p. 575) and Shumard 
(/S. Louis TVans,, i, 627) have made allusion to the existence of 
this genus in the Potsdam sandstone of the northwest; and a 
species has just been described by Prof. Hall under the name of 
U. Pepina, Our specimens from Baraboo differ from both this 
and 0. Ooloradoensis Shum., in its more transverse shape, fewer 
ribs and want of concentric lines. , 

Stkaparollus (Ophileta) primordialis, n. sp. 

A planorboid shell, three-fourths of an inch in diameter, and 
having the apex of the spire depressed below the level of the 
outer whorl. The number of whorls is probably about five, 
but only the last two are preserved in the oest specimens. The 
tube enlarges very gradually, and is marked by a distinct carina 
iust above the peripheral line, above and below which is a shal- 
low groove. 

Some of the specimens of this fossil greatly resemble the fig- 
ure of Ophileta complanata Vanuxem, from the Calciferous sand- 
rock of New York; but the volutions enlarge a little more 
rapidly, and present a distinguishing angulation. No allied 
species has been described from the Potsdam sandstone (unless it 
be 0. compacta Billings, a description of which I have not seen). 
The Euomphalvsf vatici7iiLS Hall (16^A Eep, N. Y. Regents^ p. 136) 
is described and figured as "gently convex above." 

PlEUROTOMARIA ? ADVENA, D. Sp. 

A trochoid or sub-turreted shell, of at least four whorls, 
which are depressed-convex externally, and apparently destitute 
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of all superficial ornaments. But three whorls hare been seAi ; 
these are -66 inch in height, and the lower one is about '77 inch 
in diameter — the three being of nearly equal height. 

This fossil is quite unlike anything described from the Pots- 
dam sandstone ; and there is nothing in the Calciferous sand- 
rock which approaches nearer than Uolopea Proserpina Billings 
(Pamphlet, Jan. 1862, p. 28), with which this may be congeneric. 

DiCBLLOCEPHALUS MiNNESOTENSIS, OweD. 

Several specimens occur in the collection which I feel obliged 
to refer to this species. Some well preserved pygidia do not 
disagree with Owen's and Hall's {Foster and Whitney's Bep. on 
L, Sup. Land Dist,, pi. xxiii, fig. 80) figures, except that Hall's 
specimen had lost its caudal flap — a feature well preserved in 
my specimens, and distinctly reflected upward. iTevertheless, 
no caudal spines are preserved in any case ; and the condition 
of the specimens would indicate that they were wanting. An 
imperfect cephalic shield presents a flat border, about a^ wide as 
the caudal flap, and, like it, turned slightly upward, and is desti- 
tute of a thickened margin. The glabella is truncately rounded 
in front ; the two sides are nearly straight, but not perfectly 

farallel — ^being approximated anteriorly at an angle of about 
2^. There is at least one furrow extending across the glabella; 
and in front of this, opposite the anterior extremity of the pal- 
pebral lobes, another furrow on each side, reaching less tnan 
one-third the distance transversely across the glabella. The 
course of the great suture in its anterior extension conforms to 
the requirements of this species. 

A doubt may exist whether these specimens are correctly re- 
ferred, in consequence of the absence of the caudal spines and 
the defective condition of the posterior portion of the cephalic 
shield. It seems to me, however, that a pair of blunt spines, in 
an attenuated peripheral part like the caudal flap, cannot form 
an indispensable diagnostic character. The direction of the 
facial suture is exactly that of D. Minnesotensis ; and the inclina- 
tion of the sides of the glabella, even if slightly greater than is 
usual for this species, is not as great as in IJ, mtsa Hall. The 
pygidium conforms, in its want of spines, to that of D. misa, but 
the configuration of the glabella and the anterior lobe of the 
fixed cheek deviate decisively from that species. 

DiCELLOCEPHALUS PePINENSIS, OwOD. 

An imperfect cephalic shield shows a narrow border, with a 
decidedly thickened margin, which is broader than the furrow 
between it and the front of the glabella. The glabella is prom- 
iaent, with sub-parallel sides and an obtusely rounded anterior 
extremity. Opposite the middle of the prominent palpebral 

Am. Jour. Sci.— Second Sbbies, Vol. XXXVII, No. 110.— March, 1864. 
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lol^, a farrow passes quite across the glabella, being curved 
backward in the middle. Behind this is another nearly parallel 
furrow, and in front is a pair of faint furrows situated nearly op- 
posite the anterior extremity of the palpebral lobe, and each j 
traceable about one-third the distance across the glabella. An- " 
other glabella, very similar to this, shows three transverse fur- 
rows, besides the anterior interrupted furrow. 

A finely preserved pygidium presents a strong convexity, 
especially in the middle lobe. Aside from the marginal flap, the 
external outline is nearly semicircular, with the anterior margin 
considerably curved. The lateral lobes are strongly convex, be- 
coming less so nearer the border, and abruptly joining the cau- 
dal flap, at an inclination of about 45**. The pleurae are furrowed 
in such a manner that there seems to be an accessory pleura be* 
tween each two principal ones. The articulations are seven ia 
number in both the axial and side lobes, and extend nearly to 
the terminal apex of the middle lobe. The caudal flap is flat^ 
and about as wide as the middle lobe at its anterior end, and 
marked uniformly through its whole length by eight or more 
rigid concentric striae. No indications of caudal spines. 

This pygidium was originally referred to this species on such 
information as was accessible, amongst which was HalFs figure , 
in the Wisconsin Eeport (p. 22, fig. 4), showing indications of a | 
similar striated caudal flap. I am not able by the help of Prof 
Hairs last memoir to change the reference, although I perceive 
the pygidium does not fully agree with the complete characters 
now published. I am inclined to think this pygidium has not 
previously been described. 

Ptychaspis Barabuensis, n. sp. 

The collection embraces some fragments of the cephalic and 
caudal shields of a large trilobite, which, while its generic rela- 
tions are somewhat indeterminate, has a certain expression which 
is peculiar. The head is about 2*4 inches broad, and rather con- 
vex; the thickened and convex margin of the border is separa- 
ted from the glabella by a narrow, concave furrow, giving the 
border a width of three-tenths of an inch. Posteriorly, the bor- 
der is continued in genal points which attain a length not less 
than three times the length of the glabella. The movable cheek 
is swollen and separated by a deep -transverse furrow from the 
posterior borders of the cheek. The surface is feebly scrobicu- 
late-wrinkled; though with oblique light it is seen to be dis- 
tinctly so, and the character is even better shown with a lov 
magnifier, though the cast is preserved in sandstone. 

The pygidium which undoubtedly belongs to the same spe- 
cies is 29 inches across, and three-fourths of an inch in heignt. 
The middle lobe is nine-tenths of an inch across, and is quite 
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prominent, with its posterior portion inarticulate and broadly 
rounded. There is no limiting furrow separating it from the 
lateral lobes ; and posteriorly it fades insensibly into the ter- 
minal border. The lateral lobes are but faintly articulate, and, 
meeting behind the axis, form a border three-fourths of an inch 
broad, which is strongly curved downward on all sides, and 
presents a circularly curved outline, without any indications of 
caudal appendages. 

The foregoing was written before seeing Prof. Hall's memoir; 
and I had referred the specimens to Dicelhcephalus^ with a query. 
I could scarcely doubt of their generic distinctness, but felt re- 
luctant to engage in genus-making without ampler materials. I 
am happy now to recognize Prof. Hall's new genus as exactly 
meeting my want. This species differs from P. Mini^cdensU Hall, 
in its broader and fuller movable cheek and broader margin, 
and much longer genal points. 

IL The University has for many years been in possession of 
some fucoidal remains from the red sandstone of the south 
shore of Lake Superior. As it is so uncertain when any further 
paleontological data will be obtained from that region, I do not 
deem it necessary to defer longer a brief notice of these fossil 
Algae. 

There are two methods of frond-arrangement noticeable among 
these remains. One exhibits a rudimentary symmetry, while 
the other is totally destitute of it. There is little difl&culty in 
deciding that neither form falls under any description that has 
been published ; but it is nearly or quite impossible to determine 
whether these differences are oi generic, specific, or still inferior 
value. The great variation exhibited in the arrangement of the 
different portions of the fronds of recent marine algse, shows how 
little dependence can be placed upon descriptions founded on 
detachea fragments of these fossil fucoids. Those differences 
which have been sometimes recognized as marking the bounds 
between distinct genera, may easily have co^existed upon the 
same frond. There was great plausibility in the method pur- 
sued by the older writers in referring all these remains to the 
single genus Fucotdes. 

There seems, neverthelei^, some prospect of utility in making 
such distinctions as we are able; and wnile I cannot vouch for 
the generic characters of the fossils under consideration, I shall 
refer them provisionally to a Paleozoic genus established by 
Prof. Hall to receive some fucoids from the Calciferous sand- 
rock of New York. 

pALiEOPHYCUS ARTICULATU8, D. Sp. 

Consisting of large, straight or geniculated, compressed-cylin- 
drical, irregularly articulated, branching stems. The largest 
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stems are an inch and a quarter in diameter; the transverse sec- 
tion oblong, rounded at the ends, or, in other cases, more nearly 
a circle. The branches are uniformly much smaller than the 
main stem, and leave it at an angle of about 30°. One of the 
most marked peculiarities of the species is the somewhat regular 
transverse constrictions, which occur at intervals of about half 
an inch, in most of the specimens. At these constrictions the 
fucoid has shown a disposition to separate, so that most of the 
fragments present sharply truncate extremities. Surface smooth. 

This fucoid is found abundantly scattered over the surfaces of 
slabs of dark red, fine-grained sandstone, from the north ^ank 
of the Porcupine mountains, Lake Superior. 

Collected by Dr. Douglass Houghton, in 1840. 

Pal^ophycus informis, n. sp. 

Fucoid apparently consisting of fleshy, leaf-like masses, having 
an irregularly triangular, elongate, or variously amorphous out- 
line. In some instances it would seem that a hollow, conical 
piece had been compressed so as to present two opposite edges. 
Sometimes an irregularly elongate piece presents occasional en- 
largements and tuberculous eminences. There are some indica- 
tions that the plant was branched, some of which consist in the 
close approximation of co-adapted edges without complete junc- 
tion. The surfaces are smooth and shining. The fragments 
vary from half an inch to two inches in width. 

Abundant in dark red sandstone from Montreal river. Lake 
Superior — a region where Col. Whittlesey estimates the forma- 
tion to attain the enormous thickness of 15,000 feet. {Proc BoH, 
Soc. Nat. Hist, ix, July, 1863.) 

Collected by Dr. Houghton, in 1840. 

Similar but thinner and more ill defined fucoids occur in red 
sandstone three miles west of Eagle river ; and again in white 
sandstone near Carp river, on the south shore of Lake Superior. 

In associating these remains with others from the Potsdam 
sandstone of Wisconsin, I do not intend to express any opinion 
whether the Lake Superior sandstone is of Mesozoic age, as ar- 
gued by Jackson and Marcou ; or of the age of the Cnazy for- 
mation, as recently concluded by the Canadian geologists (at 
least in reference to the St. Mary's skndstone) ; or tne prolonga- 
tion of the lowest fossiliferous sandstones of Wisconsin, as 
thought by Messrs. Foster and Whitney, and formerly by Hall, 
and still earlier intimated in the unpublished notes of Dr. Hough- 
ton ; or finally, as now intimated by Hall, a formation ranging 
from a horizon below the fossiliferous sandstones of Wisconsin 
to the top of the Chazy formation or St. Peter's sandstone. 

University of Michigan, Dec. 11th, 1868. 
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Abt. XXTTL — On Oie Orbits of Binary Stars; by Prof. DANIEL 

Kirkwood, Bloomington, IndiaDo. 

The whole number of double stars hitherto observed is rather 
more than 6000.' The proportion of these in which the du- 
plicity is merely optical cannot now be determined : the num- 
ber, however, in which a change of relative position had been 
detected, was, at the middle of the present century no less than 
650. In the motions of these bodies, so far as observed, we find 
one general and striking characteristic ; the orbits are much more 
elliptical than those of our planetary system. In Sir John Her- 
schel's Table (1850) of fourteen double stars whose orbits had 
been calculated, the eccentricity in seven cases is greater than 
that of Faye*s comet (0*5559) ; while in the case of Alpha Cen^ 
iauri it is nearly equal to that of Halley's." We propose to in- 
quire whether this remarkable fact in regard to the sidereal or- 
bits is susceptible of explanation by the nebular hypothesis. 

In a former number of this Journal' it was stated that the 
theory of Laplace, which so beautifully accounts for so many 
otkerwise unexplained phenomena of the solar system, might be 
extended to the binary and multiple systems among the so-called 
fixed stars. But how, it may be asked, can the same theory ex- 
plain the almost circular orbits of the planets and also the ex- 
tremely elliptic motions of the sidereal systems? 

The correllation between the members of a binary system is 
different from that between the sun and a planet In the for- 
mer, both are large, self-luminous bodies ; on the other hand, 
our solar system has resulted from the concentration of the 
whole mass of a primitive nebula about a single nucleus. Now 
if a mass of nebulous matter, in which the process of condensa- 
tion has commenced, have a very slow rotation, and i^ instead 
of a ^'72^2^ center of attraction, tvx) distinct nuclei be formed, the 
oonsequence may be its complete separation into two bodies 
while the rotation is yet so slow that the centrifugal force as 
compared with the centripetal is too feeble to produce a nearly 
circular motion. While, therefore, orbits of small eccentricity 
must characterize planets formed from the abandoned equatorial 
rings of a condensing nebula, orbits highly elliptical may be re- 
garded as the probable consequence of a separation in the earlier 
stages of its pnysical history. 

* The components being less than 82" asunder. 

' The eccentricity of the former is 0*96 ; that of the latter, 0*9674. 

' For September, 1860, p. 166. 
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Art. XXIV. — On the best Mode of presenting, in a popular forrn^ 
Uie Theory of the Tides, wit/i suggestions for constructing iUmtror 
tive apparatus ; by WilliaM Dennis, Philadelphia, Pa. 

It is remarked by Sir J. Herschel that " many persons find a 
strange diflBiculty in conceiving how they (the tides) are pro- 
duced ;" and Mrs. Somerville goes so far as to say {Physical &t- 
ences, C. 13), that among those classed as astronomical problems 
this ^4s by far the most difficult and its explanation the least sat- 
isfactory. This latter statement is perhaps rather broad as it 
stands, but if it were limited somewhat, so that the singularity 
of the phenomenon and the importance and familiar interest 
that attach to it and to its effects should be taken into account, it 
would scarcely require further qualification. It can hardly be 
denied that an intelligent comprehension of this subject is rare 
even among those to whom the causes of most natural phenom- 
ena are familiar, while to the great majority of intelligent peo- 
ple it is altogether a mystery. It seems, therefore, worth wnile 
to enquire whether the difficulties complained of have been re- 
duced to a minimum, or whether they be not in part owingTo 
defects or errors in the usual mode of presenting the explanation. 

Having had occasion, in the preparation of a new elementary 
treatise on astronomy, to consider this subject attentively, as 
well as to examine the explanations commonly given, I have 
been compelled to conclude that no small portion of the obsca- 
rity and perplexity commonly supposed to belong to this sub- 
ject arises from the want of a proper consideration and statement 
of the conditions and circumstances under which the causes pro- 
ducing the phenomenon act. If a learner be told, (and for wnom 
are explanations intended if not for learners?) that the waters 
of the ocean are raised by the moon's attraction, his first idea, 
in many cases, will be that they are lifted up by main strength, 
as it were, the force of gravity being overcome,^ and having no 
where observed any similar effect of the moon's attraction, he 
cannot conceive how this can be. Nor will it tend in any de- 
gree to lessen his perplexity if he shall see it stated, (as he may,) 
that according to Newton's calculations, the disturbing power of 
the moon's attraction on the surface of the earth is less than a 
ten-millionth part of the force of gravity, and that of the sun's 
attraction not even half as great as it. It is therefore important 
to show, by a preliminary explanation, that the waters of the 

' Ab idea aldn to this must exist, it would seem, in the minds of those authors 
who speak of the laleral attraction of the moon at a given place after or before its 
passing the meridian of that place ; as if this disturbing force, so minute at its 
greatest, and in respect of this lateral action, so greatly reduced by its very oblique 
direction, or else by the near approach of the place in question to the mean diitance 
covdd ever produce any appreciable effect whatever in that way. 
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ocean, in their general figure and outline, are in a state of per- 
fect equilibrium or perfectly balanced, so that, in view of this, 
and of their vast extent and perfect freedom of motion, they 
may be compared to a scale-beam in perfect equipoise, suspended 
in the most delicate manner, and several thoicsand miles in length. 
To omit this would be much the same as if one should state, in 
proof and illustration of the attraction of gravitation, that a 
weight or ball at the side of a mountain had been observed, (re- 
ferring to the Schehallien experiment,) to be drawn towards the 
mountain by its attraction, leaving the learner to suppose that 
the weight was placed on a table or other level surface instead 
of being suspended by a long thread or wire. 

In explaining this condition of equilibrium the most obvious 
course will be to refer to mere hydrostatic equilibrium, in which 
any portion of these waters may be regarded as exactly balanced 
by any other contiguous portion, each being maintained at its 
level by the pressure of the other which supports it : conse- 
quently if this pressure be, in the case of either portion, lessened 
or increased in the least degree^ that is to say, if the force of grav- 
ity, to which this pressure is due, be in any degree counteracted 
or added to by any other force in one of these portions and not 
in the other ; the lighter portion will immediately give way and 
be buoyed up by the heavier which will of course simultane- 
ously sink : and this would be an explanation sufficient for the 
purpose. But as this statement, though true, is not the whole 
truth, it may be well to go a step further. The waters of the 
ocean do not maintain their general figure and outline under the 
influence of gravity alone. On the contrary it is well known 
that by the centrifugal force generated by tlie earth's rotation on 
its axis they are kept at a higher level or greater distance from 
the centre on other parts of the globe than at the poles, this ele- 
vation amounting at the equator where it is greatest to about 18 
miles. They are therefore exactly suspended or poised between 
these two forces, namely, the force of gravity and the centrifugal 
force just mentioned, and any other force that should in the least 
degree add to or counteract the influence of either of these 
forces would at once cause a change in the figure of these waters. 
While therefore it is properly the hydrostatic equilibrium exist- 
ing between the different portions of the waters themselves that 
is disturbed by the action of the forces that produce the tides, 
the statement just made may serve to show more clearly how far 
these waters are, in their normal condition, from lying as a dead 
weight in the depressions of the earth's surface that contain them. 

Again it is stated in a familiar way, (see Chambers Eand-B. of 
Astron., Bouvier's Famil. Astron,, et al.,) that the tide on the side 
of the earth towards the moon is owing to the waters there being 
attracted by it more than the mass of the earth because they are 
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nearer, while the tide raised at the same time on the opposite 
side of the earth results from the earth being drawn away from 
the waters there because thev are more remote than the mass of 
the earth and are thus " lert behind," or *'left heaped np;" and 
then we are told that at full moon, when the attractions of the 
sun and moon are opposite in direction, they conspire to produce 
spring tides in the same manner as at new moon when their at- 
tractions coincide in direction. Now as it is not easy to see how 
a body can be drawn away so as to leave any thing behind in 
two opposite directions at the same time, these statements appear 

Juite inconsistent and are well calculated to confuse and perplex, 
t is therefore important and indeed indispensable to the com* 
munication of an intelligible view of this phenomenon to explain, 
as before remarked, the conditions and circumstances, or, to ex- 
press it more definitely, the relations and dependencies existing 
among the bodies concerned in it : a course at once so n^tursJ 
and so needful that it seems remarkable that it should not have 
been more generally and more fully adopted. 

As the earth is held to its curved path around the sun by the 
attraction of that body acting in opposition to the centruugal 
force generated by its rapid motion, in the same manner that a 
heavy ball or weight attached to the end of a cord and whirled 
around the head is held or restrained by the cord, we may regard 
it as suspended between these two forces, and if a ball be merely 
suspended by a cord it will be a fair illustration of its condition ; 
the force of gravity or weight of the ball standing in place of 
the centrifugal force in the case of the earth, and the tension of 
the cord representing the restraining force of the sun's attraction 
which at each instant holds the earth to the place in its orbit 
which it occupies. But as this attraction of the sun diminishes 
rapidly with an increase of distance it is plain that it cannot 
hold all parts of the earth alike or equally, the nearest part be- 
ing about 8,000 miles less distant than the most remote, while 
of course it holds the wJiole as a mass as it would hold it were it 
at the mean distance of all the parts, that is, at the distance of 
the centre. Consequently on the nearest part or side towards 
the sun the attractive force being greater than the mean, there 
will be a small excess over what is sufficient to hold this part to 
its place in the orbit, and this excess acting upon the surface 
waters there in opposition to the force of gravity renders them 
specifically lighter and the exact equilibrium before described is 
immediately disturbed : these waters will therefore rise some- 
what while those that are so situated as to be unaffected by this 
disturbing influence will sink simply from the giving way of 
those which having become lighter yield to their superior pres- 
sure. Again on the opposite side of the earth or that most re- 
mote firom the sun, the attractive or restraining force will be leas 
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than the mean and therefore not quite equal to the centrifugal 
force and here accordingly there will be an excess of this latter 
force : but oq this side it is this centrifugal force that acts in a 
direction opposite to that of gravity, and this eoocess of it will 
consequently disturb the equilibrium of the surface waters here 
in precisely the same manner as in the other case. 

Keferring now, for illustration, to the suspended ball before 
mentioned, let us suppose it to be a hollow globe one or two feet 
in diameter, of a quite flexible material, as India rubber, having 
an opening about half an inch in diameter at the top and also at 
the bottom : let the principal suspending cord pass through the 
top so as to be attached at the centre to the intersection of two 
stiff horizontal wires, which are placed at right angles to each 
other and the extremities of which pass loosely through small 
openings in the sides of the globe. Passing this cord over a 
pulley and attaching a weight, so adjust the weight that it shall 
be sufficient to support the middle horizontal zone or segment of 
the globe. Let there be two other cords with pulleys and at- 
tach one to the top of the globe and the other to the bottom, the 
latter passing down through the opening in the top ; then at- 
tach to the former a weight somewhat more than sufficient to sup- 
port the top part of the flexible globe and to the latter a weignt • 
not quite sufficient to support the bottom part. Now it should 
be remembered that in this illustration the force of gravity or 
weight of the globe stands in place of the centrifugal force gen- 
erated by the earth's motion in its orbit, and the tension of the 
oordsy in place of the sun's attractive force varying at different 
distances : the cord attached to the wires at the centre may then 
represent the mean attractive force of the sun at the mean dis- 
tance, as by this the globe is mainly held to its place, while the 
greater of th'e other two weights, being a little more than suffi- 
cient to support the part upon which it acts, will represent the 
attractive force acting upon the part of the earth nearest the 
sun, and the smaller weight, not quite sufficient for the same pur- 
pose, will represent the attractive force acting upon the opposite 
or most remote side. The globe being flexible, it is evident that 
the top part will be drawn up somewhat by the excess of the 
weight connected with it, while the bottom part will sink from 
the deficiency of its counterpoise and the whole will be elongated 
vertically and /or that reason contracted horizontally. In like 
manner is the earth, in its yielding portions, the waters, elongated 
in one direction, that is, in the direction of the attracting or re- 
straining force of the sun, and for that reason contracted in the 
direction at right angles to that. 

Such is a statement of the general principle upon whifeh th^^ 
attraction of the sun (Or of the moon) tends to produce a tidal 
Aic Joua. Sol-— SscoND Series, Vol. XXXVII, No. 110.— Mabcb, 18G4. 
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elevation on two opposite sides of tlie earth with intermediate 
depressions ; and I prefer taking the case of the sun for this 
statement because the relations upon which this phenomenon 
depends are in general better understood or at least are more &• 
miliar to most as they exist between the earth and the sun than 
the same sort of relations between the earth and the moon. 

Indeed, the sun being the great central power which controls 
the general motions of both the earth and the moon, there seems 
to be a manifest propriety in commencing with its influence, and, 
for the same reason, it will doubtless seem to many at first sight 
that it should be the chief and controlling cause of the tides. 
But this is not the case. The disturbing influence of the attract* 
ing body depends, not on the difference simply between the dis- 
tance of the centre of the earth from it and that of the nearest 
or most remote side, but on this difference as compared with the 
whole distance. Now this difference in the case of the moon is 
about one-sixtieth part of the whole distance, but in the case of 
the sun it is less than a twenty-thousandth part, and hence it 
happens that while the attractive force of the moon is quite small 
compared with that of the sun, its disturbing influence is aboat 
two and one-half times that of the larger body. 
' Accordingly it is found that the moon exercises a controUing 
power over the tides, and the influence of the sun appears only 
in modifying the effects which it produces. We have now there- 
fore to consider the case of the earth and the moon and to apply 
to it the principle already explained. 

If it were a tide upon the moon that we are to explain, the 
complete analogy between this case and that of the earth and 
the sun would be at once recognized, the revolution of the moon 
around the earth being a fact as familiar to most as that of the 
earlh around the sun. But action and reaction being always 
equal, while the earth holds the moon to its course or orbit in 
opposition to the centrifugal force, the earth itself is in like man- 
ner attracted and held by the moon to an extent proportioned to 
its inferior size or mass, and the consequence is that both bodies 
revolve about their common centre of gravity, that is, about a 
point between them which is as much farther from the centre of 
the moon than it is from the centre of the earth as the earth is 
heavier than the moon. That this point is comparatively near 
the centre of the earth, even nearer than (or within) the surface, 
in no way affects the operation of the causes which produce the 
phenomenon under consideration ; but it is important to guard 
against what seems to be a very common misconception of the 
revolution of the earth about this point. This material error 
consists in supposing that point in the earth where this centre 
lies, or which coincides with this centre at any instant, to be sta- 
tionary as regards this revolution, while the other parts of the 
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earth revolve about it ; whereas, it is a revolution of the centre 
of the earth around this common centre of gravity, every point 
in the surface or elsewhere having a corresponding motion : it is 
not a revolution of the parts of the earth about a point within it 
which remains fixed, but a revolution of the earth as a mass about 
a certain point lying between its centre and that of the moon. 
This being understood, the case of the earth and the moon may 
be regarded as precisely analogous to that of the sun and the 
earth as already explained : in performing its revolution in this 
narrow orbit, (its diameter is about 5,400 miles,) the earth is 
held to a curvilinear motion in opposition to the centrifugal force 
by the moon's attraction, in the same manner that it is held to 
its larger orbit by the sun's, and there is consequently a corres- 
ponding excess oi the attractive force over the mean and there- 
fore over the centrifugal force on the side of the earth towards 
the moon, and a corresponding deficiency of attraction and conse- 
quent excess of centrifugal force on the opposite side. Hence, 
there must result, as in the former case, a disturbance of the 
equilibrium of the surface waters — a tendency in those on theae 
two sides to rise to a higher level, and a consequent depression 
of those portions not affected by this disturbing influence. The 
illustrative apparatus, described in reference to the sun's action, 
is evidently equally applicable to this case. If it be thought 
desirable to render the representation more exact by exhibiting 
a greater effect than that produced for the case of the sun, it will 
only be necessary to increase the difference between the weight 
attached to the top and that connected with the bottom by re- 
ducing the latter and adding to the former. 

It has been already stated that, in consequence of the compar- 
ative nearness of the moon to the earth, its attraction is the chief 
and controlling cause of the tides, but the sun, although its dis- 
tance is 400 times as great, has yet sufficient influence to modify 
materially the effects which the smaller body tends 40 produce: 
it remains to show how these two causes operate in combination, 
or, in other words, how the effect produced by the moon as prin- 
cipal is modified by the action of the sun as accessory. Taking, 
first, the case of the two bodies being in conjunction at new 
moon, it is easy to see that, as they are both on the same side of 
the earth, their attractions have the same general direction and 
must therefore conspire to produce the same effect which will of 
course be an exaggerated one: hence the spring tides that are 
observed about the time of new moon. Nor is what has been 
already stated in relation to the earth's being held to its place bv 
the sun's attraction in any way inconsistent with this result. It 
is still held by the sun, and with the same force, but the attrac- 
tion of the moon is added to that of the sun and it is thus not 
merely held^ but actually drawn out of the course which it would 
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have taken under the inflaence of the sun's attraction alont and 
brought for the time somewhat nearer to the sun. 

Again, when the two attracting bodies are on opposite sides of 
the earth at full moon, it will be found that the result should be 
the same ; for the earth is still held, and its two opposite sides 
ti7ieqiutlly held, by the sun's attraction, which thus produces an 
elongation, or a tendency to elongation, in the manner before de- 
scribed: at the same time it is drawn, and these two sides une- 
qually drawn, in the opposite direction by the moon's attraction; 
and as the side that is held least lirmly by the sun is the one 
most attracted by the moon, and vice versa, this action of the 
moon will also tend to produce a further elongation in the same 
direction. Hence, these separate actions combine and produce 
an increased result, which appears in the spring tides belonging 
to the full moon. Nor can the separate influences of the sun and 
moon, (as it is important to note,) in any degree counteract or 
interfere with each other. Their effects may be combined, op- 
posed, or mutually modified, according to the circumstances of 
each particular case, but the tendency of each of these attract- 
ing bodies, so far' as the phenomenon under consideration is con- 
cerned, is to produce its own specific effect, and this tendency is 
in no way materially affected by the position or action of the 
other at the same time. To be satisfied of this, we have only to 
observe that the earth is at all times and under all circumstances 
held suspended by the sun's attraction without regard to the 
moon's position or action upon it. While thus held or sus- 
pended, the moon by its attraction draws it somewhat out of the 
course it would otherwise pursue, bringing it now a little nearer 
to the sun and then taking it a little farther from it, at one time 
hurrying it onward and again retarding it somewhat, (move- 
ments necessarily resulting from that revolution of the earth 
about the common centre of gravity of itself and the moon be- 
fore explained) ; but this by-play between the earth and the moon 
in no way essentially affects the relation existing between the 
earth and the sun: the former unceasingly pursues its orbital 
course around the latter, which must therefore constantly hold 
it suspended by its attraction as already described. 

The case in which the sun's and moon's attractions being in the 
same direction (at new moon) conspire to produce a greater effect^ 
namely, the spring tides of new moon, seems hardly to require 
separate illustration. It is as if the power of One of these bodies 
were temporarily increased, which would of course produce an 
increased result. It may however be illustrated by a modifica- 
tion of the apparatus before described. Let the flexible globe be 
suspended by three weights with pulleys, representing as in a 
former case the sun's attraction, the weights being now connected 
with the several parts of the globe by elastic eoras or bandsii and 
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when the suspension is completed damp the cords at the pulleys ; 
they will then represent the constant action of the sun and at 
the same time allow the whole globe or any of its parts to move 
to a limited extent under the action of another force. By means 
of three oth«r cords with pulleys, attach three additional weights 
to the same points to act in the s^ie direction and thus to rep- 
resent the added attraction of the moon ; and by a proper adjust- 
ment of the second set of weights, and of the size or elastic 
force of the first set of cords, not only the increased elongation 
of the earth (the spring tides) belonging to this position of the 
other bodies, but its temporary approach to the sup, may be 
represented. 

In the other case described, in which the attractions of the 
sun and moon are opposite in direction, (at full moon,) and still 
conspire to produce an increased result, some illustration may 
perhaps be more needful, and it is readily supplied by a further 
moditication of the aiu)aratus arranged as last described. Let 
the globe be suspended by the three elastic cords representing 
the sun's attraction, and clamped as before ; but as these act up* 
ward, and the moon's attraction is now supposed to be opposite 
in direction to that of 'the sun, it may be represented by weights 
attached to the globe directly and acting downward: attach, 
therefore, in this manner, the other three weights to the bottogn, 
the top, and the centre, respectively, to represent the attractive 
force of the nK>on at those three distances, and as the lower side 
of the globe now represents the side of the earth toward the 
moon acting from below, as the sun from above, it is obvious 
that the weight attached to the bottom must in this case be 
greater than that attached to the top. Now it is evident that 
under this arrangement of the forces the elongation of the globe 
must be increased by the addition of the second set of weights, 
and in like manner does the combined attractions of the sun and 
moon, though opposite in direction, produce the increased eflfect 
observed in the spring tides of full moon. 

At the first and last quarters of the moon the direction of the 
fiun's attraction is at right angles to that of the moon, and its 
disturbing influence must therefore act upon the equatorial por- 
tions of the earth's surface intermediate to those acted upon by 
the moon at the same time. Now we have seen that the effect 
of the disturbing influence of these bodies is to render the sur- 
face waters upon which it acts specifically lighter, and thus to 
disturb the exact equilibrium that would otherwise exist ; these 
lighter portions being buoyed up to a higher level by those por- 
tions not so affected, which of course at the same time sink. But 
in the case we are now considering, while the moon's influence 
is producing the lunar tide on two opposite sides of the earth, 
the sun is at the same time acting upon the intermediate equa* 
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torial spaces and is thus diminishing to the extent of its influence 
the gravity of those very portions upon the weight of "which the 
lunar tide in part depends." The lunar tide will consequently be 
lessened by tnis action of the sun's influence, and hence the neap 
tides of the moon's first and last quarters. These neap tides may 
also be illustrated by the flexible globe ; for if we have it merely 
suspended by three weights, as at first, but representing now the 
moon's attraction, and attach to two opposite sides two other 
weights with pulleys acting in a horizontal direction, these last 
may be regaraed as representing the disturbing influence of the 
sun which acts/rowi the centre, or in opposition to gravity on two 
opposite sides of the earth. Now these two weights, by draw- 
ing the two sides to which they are respectively attached nearer 
to their normal position or distance from the centre, or, in other 
words, by tending to elongate the globe in a direction at right 
angles to that of the moon's attraction, will lessen somewhat the 
vertical or lunar elongation. 

In the intermediate positions, or between new moon and the 
first quarter, this quarter and full moon, and so on, the influence 
of the sun will vary from what it is at one of these extreme or 
turning points to what it is at the next; but to describe these 
changes — and the same may be said of numerous subordinate or 
cojlateral branches of this subject — does not fall within the scope 
of my present purpose ; which was merely to point out a mode 
of presenting the essential features of the theory of the tides, 
calculated, as it seemed to me, to make it more easily and more 
fully understood than those in common use, and also to suggest 
some ocular illustrations. 



* It wiU be observed that I say " in part," and speak above of " eqaatorial spa- 
ces," etc. There seems to be good reason to doubt whether in this connection om 
circumstance has been by any means properly attended to, namely, that the lunar 
tide may be raised in part, perhaps in some cases chiefly, by the pressure of those 
portions of the surface waters lying northward or southward of the central poiats 
of the moon's direct influence ; these would be for the most part wholly undisturbed 
by the sun's influence. A lunar spheroidal wave is formed theoretiadly by pressure 
on dil sides : the sun can materially interfere with its formation only on two (oppo* 
site) sides, namely, where the two antipodal centres of its influence approach, or fall 
upon, the edgo of the wave. The theoretical proportion between spring and neap 
tides has been commonly, (not to say carelessly,) stated as that between the sum 
and difference of the two separate disturbing influences of the sun and moon, say ai 
7 to 3 ; but even theoretically this is manifestly incorrect, and, in point of fact, bo 
far as I have observed, on the western shore of the North Atlantic, it does not ap- 
proximate to the truth. Here, indeed, this northern and southern influence would 
seem to have freest scope, and in view of the eastern and western boundaries of this 
ocean, it seems not unlikely that it would be more consistent with the actual facti 
of the case to consider the neap tides here as the lunar tide alone, and the spring 
tides as the lunar and solar combined. 
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Art. XXV. — Analysis of a Meteorite from Chili; by Ohables A. 
Joy, Professor of Chemistry in Columbia College, New York. 

This meteorite was foand on a mountain pass, about fifty 
miles from Copiapo, in the provioce of Atacama, Chili, by a na- 
tive of the Argentine Kepublic, and presented to Mr. Joseph 
Brower, by whom it was brought to New York, and to whose 
kindness 1 am indebted for the fragment used in the analysis* 
The original specimen has been deposited by Mr. Brower, with 
a large collection of rare silver ana copper ores from Chili, in 
the mineralogical cabinet at Union College, Schenectady. 

The outer crust of the meteorite wore the usual dark red color 
of oxydized iron. Its weight, uncut, was 1784 grams. The 
specific gravity is 4*85. A polished etched surface gave an im- 

{iression on paper of scattered points rather than of regular lines, 
t also readily reduced copper from its solutions. 

A close inspection of the specimen shewed that there was a 
large per-centage of stony matter interspersed through the mass. 
The color and hardness of a portion of this indicated olivine : 
other fragments recalled the appearance of partially decomposed 
labradoriie. An unsuccessful attempt was made to withdraw 
the iron by means of a magnet, but the powdered mineral ad- 
hered to the magnet in association with the iron. 

For the determination of the sulphur, phosphorus, copper and 
tin, the presence of which had been revealed by a qualitative 
analysis, a large fragment was taken and treated with aqua regia, 
at a gentle heat. The sulphur separated in finely divided grains, 
and care was taken to prevent them from combining into com- 

J)act masses. After gently heating in a water-bath for twenty- 
bur hours, all of the sulphur was successfully oxydized. The 
portion of the meteorite insoluble in acids was collected upon a 
filter, dried, incinerated and weighed. From the solution, sul- 
phuric acid wa^ precipitated by chlorid of barium, the precipitate 
was heated with chlorhydric acid to free it from all traces of iron, 
filtered, dried and weighed. The filtrate from the sulphate of ba- 
ryta gave a slight brown precipitate with sulphurettea hydrogen. 
This was dissolved in aqua regia, and saturated with ammonia, 
when a slight yellow precipitate of tin was thrown down, while 
copper was dissolved and atlerward precipitated by potash. 

After expelling the sulphuretted nydrogen from the first fil- 
trate, the phosphorus was separated by molybdate of ammonia 
and afterward determined as phosphate of magnesia. 

For the determination of the iron, alumina, nickel, cobalt, 
manganese, and lime, a second portion was taken and treated as 
before. The iron, alumina, nickel, cobalt, and manganese were 
successively precipitated by ammonia and sulphid of ammonium 
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aud the precipitate redissolved and weighed. The iron and alu- 
mina were separated from the other bases by carbonate of baryta. 
The nickel, cobalt, and manganese, were not determined in this 
portion, but were precipitated by potash and weighed. The 
separation of the iron and alumina was accomplished by means 
of the hyposulphite of soda. The aluniina was found to be free 
from the oxyd of chromium. The lime was determined as ca^ 
bonate. For the separation of the nickel and cobalt from man- 
ganese, in another portion, the insolubility of the sulphids of 
nickel and cobalt in chlorhydric acid was used^ To separate 
nickel and cobalt, I preferred the method of chlorine and carbo- 
nate of baryta which I had followed in Bose's laboratory. Lie- 
big's process, which I employed with the Cosby Creek iron,* was 
inconvenient, and the method by nitrite of potassa did not yield 
satisfactory results, owing to impure materials and want of time 
to repeat the analysis. 

Itesults : 

From 3*519 grams. 1*134 grms. insol. 2*385 grms. soluble. 

BaCSOj 0*688 0*0944 S 

MgOjPOj 0*015 0*00423 P 

CuO 0002 0*00159 Cu 

SnO, 0*001 0001 SnO, 

No. 3. MugO^ 0*011 No. 2. 1*166 grms. material. 

C03O4 0-021 0*390 grms. insoluble, 

NiO 0*124 0*776 " soluble. 

0*156 

CaCCO, 0*026 0*014 CaO 

FejjOa 0*859 0*6013 Fe 

AI2O3 0039 0*039 AI2O3 

MngO^ ) 0006 0*00432 Mn 

NiO V 0*077 0*06034 Ni (Gale, from NttrS.) 

C03O4 ) 0013 000959 Co 

From the above figures we obtain the following results : 

Fe 77*48 pr. ct 

Ni 7-77 " 

Co 1-23 " 

Mn - - - . - - 0-55 " ' 

CaO 1-80 " 

AI2O3 6*02 " 

S 395 " 

P ----- - 0*17 " 

Cu 006 " 

SnO, 0*04 ** 

9807 

^ Ann. Cbem. Pharm., Izzxvi, 39. 
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As the analysis was conducted with great care^ and as we 
have alumina and lime evidently derived from the decomposi- 
tion of a portion of the mineral, and as protoxyd of iron id 
easily attacked in silicates, it is proper to assume that the differ- 
ence is due to oxygen combined with iron as protoxyd. Assum- 
ing 1*90 pr. ct. oxygen, we require 6*65 pr. ct. Fe to form 8'55 
FeO. This will give us for the soluble portion : 

Fe 70*83 pr. ct. Mn 0-66 pr. ct* 

Ni 7-77 AljOj, 6-02 

Co 1-23 FeO 8-66 

Cu 0-06 CaO 1-80 

S 3-95 SnO^ 0-04 



P 017 



99-97 



The average of several analvses gave 68*19 pr. ct. soluble in 
EU^ids, and 31*81 pr. ct. insoluble in acids« 

Insoluble mineral portion. 

This was fused with carbonate of soda r an intense green color 
Indicated the presence of manganese. The fused mass treated 
Bvith water yielded a green solution of NaO, MnOj, which turned 
red upon further heating, and colorless upon addition of alcohol. 
The solution was evaporated to dryness and the silica separated 
as usual. It was afterwards fused by itself and founa to be 
pure and to contain no undecomposed mineral. Sulphuretted 
nydrogen was passed through tne filtrate from the silica, by 
which a slight precipitate of a brown sulphid was produced. 
This was collected upon a filter, dried, treated with a few drops 
of aqua regia, incinerated and weighed. It was then nearly all 
dissolved in chlorhydric acid. Ammonia produced a Yellow 
white precipitate of SnO,, HO which becomes brown in NH^S 
and was dissolved in an excess of that reagent and upon addi- 
tion of HCl yielded brown sulphid of tin. The ammoniacal fil- 
trate from SnOa was colored distinctly blue by copper. 

The filtrate from the sulphid of tin and sulphid of copper was 
treated with chlorid of ammonium and ammonia and saturated 
with sulphid of ammonium and heated, by which iron, manga- 
nese, nickel, cobalt, and chromium were precipitated. This pre- 
cipitate was dissolved in aqua regia. From the filtrate from the 
mlphur metals the lime was precipitated by oxalate of ammonia 
ina the magnesia by phosphate of soda. 

From the solution m aqua regia, the oxyds of iron, alumina, 
md chromium, were precipitated by carbonate of baryta in the- 
jold. The excess of baryta was removed by sulphuric acid and 
he manganese precipitated by potash : this precipitate was ex- 
.mined for nickel and cobalt and found to contain traces. 

Am. Joub. Sci.--Second Sebies, Vol. XXXVII, No. 110.— Maboh, 1864. 
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The precipitate containing tbe oxyda of iron, alumina, and 
chromium, and excess of carbonate of baryta^ was dissolved in 
chlorhydric acid, the baryta removed by sulphuric acid, and the 
iron and alumina separated by hyposulphite of soda. 

The sesquioxy d of chromium was separated from the oxyds of 
iron and alumina, as follows : The Al^O, was fused with NaO, 
COj and KO, NO 5, the fused mass dissolved in water, saturated 
with chlorhydric acid and evaporated with additions of chlorate 
of potassa and the alumina precipitated with ammonia and the 
chromic acid as chromate of lead. 

The FCjOg was also fused with carbonate of soda and nitrate 
of potassa, and the mass lixiviated with water, filtered, saturated 
with chlorhydric acid, alcohol added, heated to boiling, and the 
sesquioxyd of chromium precipitated by ammonia. 

Results : 

Substance taken = 0*518 gnns. 

B. 64*478 per cent 

14*073 
13-005 
3*239 

l-750-2-575Cr208FeO 
1*144 
08G4 
0*965 
0-386 



Found, SiO, 


0-334 gi 


FeO 


00729 


MgO 


0*06737 


MnO 


001678 


Cr^Oa 


0*00907 


Al,03 


0*00693 


CaO 


0-00448 


SnOo+CuO 


0*005 


NiO, CoO 


0*002 



99*904 



Found, SiO 3 
MgO 
FeO 
Cr^Oa 
AI2O3 
MnO 
CaO 
Ni,CO 



SiOg 

MgO 

FeO 

Or^Og 

AI2O3 

MnO 

CaO 

Ni,Co 



0*51753 
Second Analysis, 

Substance taken = 1-114 grms. 

0*713 66*61 percent 

0*1649 13*90 

0*1647 14*78 

0*0140 1*25 

0*0120 1*07 

0*0325 2-91 

0*0128 1*15 

0*0010 009 



Average. 



100*76 

6604 
13*45 
14*42 
1*50 
1*10 
3-07 
101 
0-23 



99*82 
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From these analyses we have the composition of the meteorite 
a whole, as follows : 

Fe - - - - 48-298 per cent 

Ni 

Co 

Mn 

Cu 

S 

P 

SiO. 



MnO - 

Cr^Oa - 
NiO,CoO 
FeO - 
FeO - 
CaO . 
CaO - 
AI2O3 - 

AI2O3 - 
^gO - 

SnOa - 
SnOo - 



Fe 

Ni 

Co 

Mq 

Cu 

S 

P 



Fe 

Ni 

Co 

Mq 

Cu 

P 

S 



48-298 
6-298 
0-838 
0-375 
0-040 
2*693 
0116 

20-689 
0-976 
0-477 
0-073 
6-830 
4-587 
1-227 
0-321 
3-423 
0-349 
4-278 
0-027 
0-162 

100-076 



insoluble. 

u 

(C 

soluble. 

insoluble. 

soluble. 

insoluble. 

soluble. 

insoluble. 

soluble, 
insoluble. 



Metallic portion. 

48*298 per cent 
5-298 
0-838 
0-375 
0-040 
2-693 
0-115 



57-657 



SiOg 

MnO 

Cr.Og 

NiO, CoO 

FeO 

MgO 

AI2O3 

CaO 

SnO 



2 



Mineral portion. 

20*689 per cent 

0-976 

0-477 

0073 
10-417 

4-278 

3-772 

1*548 Another anal. 
0*189 0*332 



42*419 



In 100 parts. 



Metallic, 



Mineral 



83*76 
9-18 
1*45 
0-65 
0-07 
0*20 
4-67 (12*84 FeS.) 



3 



99-98 



SiO 

FeO' 

MgO 

^^??' 
CaO 

MnO 

NiO, CoO 
SnOa 



48-61 
24-47 
10-06 

8*86 

3-63 

2*29 

1*12 

0*17 Another tnaL 

0*44 0*78 



99*64 
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If we examine the mineral portion under a microscope and 
study its behavior towards reagents, we shall find at least two 
silicates in the meteorite ; one of them, like olivine, having the 
formula EO3 SiOj, not so easily attacked by acids, and the other 
resembling labradorite, with the formula xKjOaSiO, +yEO 
SiOg. Assuming that the Cr^Oj was combined with the FeO 
as chrome iron, the 112 CrjOj will require 0*52 FeO, which 
must be deducted from the 2447 pr. ct. FeO. Assigning MgO, 
MnO, NiO, CoO, to the mineral EO', SiO, and the Al^O,, CaO, 
to the mineral ccE.Oj SiOj + yEOSiO,, and dividing the FeO 

between them, we have for the mineral portion : 

« 

Chrome iron - - 1*64 pr. ct. CrjOg FeO 

Olivine, - - 2743 RO3 SiO^ 

Labradorite - - 70-13 AlaOgSiOj+iROSiO, 

99-20 

This will give for the composition of the meteorite : 

Nickel iron (with Co, Mn, and Cu) 48-689 

Sulphid of iron, FeS 7*405 

Chrome iron, CrjOg FeO . 0-701 

Schreibersite, (Fe 1-38, Ni 0-67, P 0-115) 1-668 

Olivine, RO. SiO. ll-67t 

Labradonte,* (R2O3, SiOg + 4R0 SiOg) 29-862 

Tin stone, SnO, 0-189 

100-076 

Calculations were made referring the silicates to hornblende, 
hypersthene, augite, and anorthite, but I omit them in the sum- 
mary as being of a purely theoretical character. The above is 
believed to give the fair average constitution of this meteorite. 

I must express my obligation to my assistant, Mr. Charles A. 
Stetefeldt^ for skillful aid in hastening the completion of the 
analysis. 

New York, Jan. Ist, 1864. 



Art. XXYL— Contributions to Lithohgy ; by T. Sterry Hunt, 
M.A., F.B.S. ; of the Geological Survey of Canada. 

I. Theoretical Notions, — 11. Classification and Nomenclature, 

In a recent paper on The Chemical and Mineralogical Belaims 
of Mttamorphic Rocks (this Journal, [2] xxxvi, 214), an attempt' 
was made to define the principles which have presided over the 
formation of sedimentary rocks, and to explain the nature and 
conditions of their alteration or metamorphism. That paper 

* The absence of soda is disregarded in the calculation of the formula. 
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may be considered as to a certain extent introductory to the pres- 
ent one, 'which will contain, in the first part, some theoretical 
considerations which it is conceived should serve as a basis to 
lithological studies. In the second part will be given a few de- 
finitions which may serve to render more intelligible the classifi- 
cation and nomenclature of crystalline rocks ; while a third part 
will contain the results of the chemical and mineralogical ex.om- 
ination of some of the eruptive rocks of Canada. These results 
will be found for the most part in the recently published volume 
entitled the Geology of Canada. 

I. 

I have already, in other places, expressed the opinion that the 
various eruptive rocks have had no other origin tlaan the soften- 
ing and displacement of sedimentary deposits ; and have thus 
their sources within the lower portions of the earth's stratified 
covering, and not beneath it. The theory which conceives them 
to have been derived from a portion of the interior of the earth 
still retaining its supposed primitive condition of igneous fluidity,, 
is in my opinion untenable. It is not here the place to discuss 
the more or less ingenious speculations of Phillips, Durocher^ 
and Bunsen as to the constitution of this supposed fluid centre, 
nor the more elaborate hypothesis of Sartorius von Waltershau- 
sen as to the composition and arrangement of the matters in this 
imaginary reservoir of plutonic rocks. The immense variety 
presented in the composition of eruptive masses presents a strong 
argument against the notion that they are derived, as these wri- 
ters have supposed, from two or more zones of molten matter, 
differing in composition and density, and lying everywhere be- 
neath the solid crust of the earth ; which, in opposition to the 
views of many modern mathematicians and physicists, the school 
of geologists just referred to regard as a snell of very limited 
thickness. 

The view which I adopt is one the merit of which belongs, I 
believe, to Christian»Keferstein, who, in his Naturgeschichie des 
Erdkorpers, published in 1834, maintained that all the unstrati- 
fied rocks, from granite to lava, are products of the transforma- 
tion of sedimentary strata, in part very recent; and that there 
is no well defined line to be drawn between neptunian and vol- 
canic rocks^ since they pass into each other, (vol. i, p. 109). This 
view was subsequently, and it would seem, independently brought 
forward in 1836 by Sir John Herschel, who sought to explain 
the origin of metamorphism and of volcanic phenomena by the 
action of the internal heat of the earth upon deeply buried sedi- 
ments impregnated with water. {Proc» OeoL iHoc. of London, 
vol. ii, pp. 548, 596.) See also my papers in the Canadian Jour- 
nal, 1858, p. 206 ; Quart. Jour. Oeol Soc. 1859, p. 488 ; Can. 
Naturalist, Dec. 1859, and this Journal, [2], vol. xxx, p. 135. 
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The presence of water* in igneous rocks, and the part which it 
may play in giving liquidity to all volcanic and pfutonic rocks 
was insisted upon by Poulett Scrope, so long ago as 1824, in his 
Considerations on Volcanos, (see also Quart. Jour. Oeol. Soc. Lon- 
don, xii, 341.) This view has since been ably supported by 
Scheerer in his discussion with Durocher. {Bui. Soc. Oeol 
France, [2], i v, 468, 1018 ; vi, 644 ; vii, 276 ; viii, 500.) See also 
Elie de Beaumont, ibid,, iv, 1812. The admirable investigatioos 
of Sorby on the microscopic structure of crvstals, {Quart Jmr. 
Oeol. Soc., xiv, 453) have since demonstrated that water has in- 
tervened in the crystallization of almost all plutonic rocks. He 
has shown the quartz both of granites and of crystalline schists 
contains great numbers of small cavities partially filled with wa- 
ter, or with concentrated aqueous solutions of chlorids and sul- 
phates of potassium, sodium, calcium and magnesium, some- 
times with free chlorhydric acid. Similar fluid cavities were 
found by him in most crystals artificially formed in aqueous so- 
lutions, and were also observed in the minerals from the lime- 
stones of Vesuvius, where they occur in nepheline, idocrase, 
hornblende and feldspar ; the. liquid in the latter crystals con- 
taining, besides chlorids and sulpnates, alkaline carbonates. Mr. 
Sorby has also described the cavities filled with vitreous and with 
stony matters which he has observed in quartz, in the feldspar 
of pitchstones, in augite, leucite and nepheline ; and which are 
sometimes found associated with fluid-cavities in the same min- 
eral. As these fluid-cavities enclosed the liquid at an elevated 
temperature, its subsequent cooling has produced a partial va- 
cuum, which is again filled on heating the crystal ; so that the 
temperature of the crystals at the time of their formation may 
be approximatively determined. Mr. Sorby concludes that every 
peculiarity in the structure of the quartz of the veins in Corn- 
wall, " may be most completely explained by supposing that this 
mineral was deposited from water holding various salts and acids 
in solution, at temperatures varying from 200® C. to a dull red 
heat visible in ihe dark" (about 840° 0.) At this highest tem- 
perature he conceives that other minerals, such as mica, feldspar 
and tinstone were deposited, the latter mineral containing nu- 
merous small fluid-cavities. In like manner, he deduces from 
the fluid-cavities in the Vesuvian minerals just noticed, a tem- 
perature of from 860® to 380° C. The presence, at the same time, 
of bubbles or vapor-cavities and of glass and stone-cavities in 
these crystals shows them to have been formed " at a dull red 
heat unaer a pressure equal to several thousand feet of rock, 
when water containing a large quantity of alkaline salts in solu- 
tion was present, along with melted rock, and various gases and 
vapors. * * * * I therefore think that we must conclude pro- 
visionally, that at a great depth from the surface, at the foci of 
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« 

volcanic activity, liquid water is present along with tbe melted 
rocks, and that it produces results which would not otherwise 
occur." (foe. ciY., p. 483.) 

Mr. Sorby has, as we have just seen, determined the tempera- 
ture requisite to expand the liquid so as to fill the fluid-cavities, 
provided they were formed under a pressure not greater than 
the elastic force of the vapor. This of course represents the 
lowest temperature at which the consolidation could have taken 
place, and varies from 340° to 880° in the Vesuvian minerals, 
and 356° in the quartz of the trachyte of Ponza, to a mean of 
216° in the Cornish granites, to 99° in those of the Scottish 
Highlands, and even descends to 89° in some parts of the gran- 
ite of Aberdeen. But this low temperature is improbable, and 
inasmuch as water and aqueous solutions are compressible, their 
volume would be considerably reduced under a great pressure 
of superincumbent rock. Mr. Sorby has therefore calculated the 
pressure in feet of rock which would be required to compress 
the liquid so much that it would just fill the cavities a( 360° G. 
The numbers thus obtained will therefore represent the actual 
pressure, provided the rock was in each case consolidated at that 
temperature. It would thus appear that the trachyte of Ponza* 
was solidified near the surface, or beneath a pressure of only 
4000 feet of rock ; while for the Aberdeen granite the pressure 
was equal to not less than 78,000 feet, and for the mean of the 
Highland granites 76,000. The Cornish granites vary from 
82,400 to 63,600, and give, as a mean, 50,000 feet of pressure. 
In this connection Mr. Sorby remarks that from Mr. Bobert 
Hunt's observations on the mean increase of temperature in the 
mines of Cornwall, a heat of 860° C. would be attained at a 
depth of 63,500 feet. 

The observations upon the metamorphic crystalline schists in 
the vicinity of these various granites show that their constituent 
minerals must have crystallized at about the same temperature 
as the granite itself ; aflbrding, as Mr. Sorby 'observes, "a strong 
argument in favor of the supposition that the temperature con- 
cerned in the normal metamorphism of gneissoid rocks was due 
to their having been at a sufficiently great depth beneath super- 
incumbent strata;" and he concludes that with regard to rocks 
and minerals formed at high temperatures, we have *'at one end 
of the chain erupted lavas, indicating as perfect and complete 
fusion as the slags of furnaces, and at the other end simple 
quartz veins, having a structure precisely analogous to that of 
crystals deposited from water. Between these there is every 
connecting link, and the central link is granite." When the 
water, which at great depths was associated with the melted 
rock, was given off as vapor while the mass remained fused, slag- 
like lavas resulted. If however the water could not escape in 
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yapor, it remained, as we have seen, to take its part in the crys^ 
tallization, in some cases forming hydrated minerals ; and &e 
excess of it, as Mr. Sorby suggests, passed up as a highly heated 
liquid, holding dissolved materials, which would afterwards be 
deposited in the form of mineral veins in the fissures of super- 
incumbent rocks. 

I have thought it well to give at some length the remarkable 
results and conclusions by Mr. Sorby, because I conceive that 
they have not as yet received the full degree of consideration to 
which they are entitled, and are perhaps little known to some of 
my readers.* The temperature deduced by him from the exam* 
ination of the crystals of hornblende and feldspar from Vesu- 
vius is curiously supported by the experiments of Daubr^e ; who 
obtained crystallized pyroxene, feldspar and quartz, in presence 
of alkaline solutions, at a temperature of low redness ; while De 
Senarmont crystallized quartz, fluor-spar and sulphate of barytes 
in presence of water, at temperatures between 200° and 300° 0. 
At the same time the deposits from the thermal waters at Plom* 
bidres show that crystalline hydrous silicates, such as apophyllite, 
harmotome, and chabazite, have formed at temperatures out little 
above 80° C. 

We conceive that the deeply buried sedimentary strata, under 
the combined action of heat and water have, according to their 
composition, been rendered more or less plastic, and in many 
cases have lost to a greater or less degree tne marks of their sea- 
imentary origin, although still retaining their original stratigraph- 
ical position. In other cases they have been displaced, and by 
pressure forced among disrupted strata, thus assuming the form 
of eruptive rocks ; which, becoming consolidated under a sufiB- 
cient pressure, retain the same mineral characters as in the pa- 
rent beds. It is only those rocks which, like lavas, have solidi- 
fied at or near the surface of the earth, and consequently under 
feeble pressure, which present mineralogical characters dissimilar 
to those of the undisturbed crystalline sediments. With this ex- 
ception the only distinction which can be drawn between strati- 
fi^ and unstratifled masses must in most cases be based upon 
their position, and their relation to the adjacent rocks. 

In view of these considerations I have, in previous papers, 
adopted for geological purposes a division of crystalline rocks 
into indigenous rocks, or sediments altered in'sitUj and exotic 
rocks, or sediments displaced and translated, forming eruptive 
and intrusive masses, tinder the head of exotic rocks is how- 
ever to be included another class of crystalline aggregates, which 
are for the most part distinguished by their structure from in- 
jected or intrusive masses. I refer to the accumulations which 

* See farther the late observations of Zirkel coDfirming those of Sorbj, Proe, 
Imp.Aead, VUnnat March 12, 1868; io abstract in Quart, Jour. (?eo/. /Soe., toI zix. 
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lineral veins, and which doubtless have been deposited from 
:)us solutions. While their peculiar arrangement, with the 
)minance of quartz and non-silicated species, generally 
s to distinguish the contents of these veins from those of 
;ed plutonic rocks, there are not wanting cases in which the 
)minance of feldspar and mica gives rise to aggregates which 
a certain resemblance to dikes of intrusive granite. From 
, however, true veins are generally distinguished by the pres* 
of minerals containing boron, fluorine, phosphorus, csesmm, 
ium, lithium, glucinum, zirconium, tin, columbium, etc.; ele- 
s which are rare, or are found only in minute quantities in 
reat mass of sediments, but are here accumulated by depo- 
i from waters which have removed these elements from the 
lentary rocks and deposited them subsequtntly in fissures. 
> one at the present day will probably be found to deny the 
nic origin of most non-stratified rocks, so that the once 
i questions of the neptunist and plutonist may be regarded 
ttled. If, however, we go back but a few years in the his- 
of geology, it will be found that an eruptive origin was then 
led for many rocks which are now admitted to be indige- 
It is scarcely necessary to refer to the views of those 
have maintained the exotic character of many quartzites 
jrystalline limestones, when a majority of writers, even to 
)resent day, class serpentines, euphotides, and hyperites 
g eruptive rocks ; although the experience of every field- 
gist is accumulating, from year to year, a great mass of evi- 
I in favor of the indigenous nature of all these rocks. The 
lentary and indigenous character of very many granites, 
tes, and diorites, will now no longer be questioned. Thus 
id, for example, that the melaphyres of the Tyrol, which, 
m Buch's too famous theory of dolomitization, were sup- 
. to have been erupted together with magnesian vapors 
1 affected the alteration of the adjacent limestones, have 
shown by Fournet to be sediments of Carboniferous age, 
norphosed in situ^ — indigenous rocks, which were altered 
s the Jurassic dolomites were deposited, {Bid, Soc. GeoL 
"^» [2], vi, 506-516). In like manner we find Scipion Gras 
uding from his researches on the anthracitic rocks of the 
that the serpentines, euphotides, porphyries, and spilites, 
1 are there found associated with crystalline schists, are all 
dimentary origin, but have been so profoundly altered in 
s to have lost nearly all traces of sedimentary origin {Ann, 
?nes, [5], V, 475). We might add that the tendency of re- 
investigations has been to show that the protogines, or gran- 
f the summit of the Alps, are Tertiary strata altered in 
; thus confirming the bold assertion made by Keferstein in 

Jour. Sci.— Second Series, Vol. XXXVII, No. 110.— Makoh, 1864. 
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1884, that these granites are altered strata of flysch. {This Jour- 
nal, [2], xxix, 121?, 124.) Lesley's recent investigations of the 
granites of Xhe White Mountains of New Hampshire, show them 
to be clearly stratified sedimentary deposits in nearly horizontal 
layers. {American Mining Journal^ 1861, p. 99; this Journal^ 
[2], xxxi, 403.) The ophites (amphibolites) of the Pyrenees, 
which by Dufrenoy and other French geologists, have been re- 
garded as eruptive, and were by the former imagined to be in 
some mysterious manner related to the rock-salt and gypsum of 
the region, which he supposed to be, like the ophites, of poste- 
rior origin to the enclosing strata, {Ex2^lic, de la Carte Cfeol de 
France, i, 95,) are according to a recent note by Virlet, not erup- 
tive, but altered indigenous rocks, belonging, together with the 
associated gypstlni and saliferous strata, to the Triassic series. 
{Gomptes Bendus de VAcad., Aug. 1863, p. 232.) 

It would be easy to multiply examples of this kind, which 
show that a careful study of very many of the crystalline rocks, 
hitherto regarded as eruptive, leads to the conclusion that thejr 
are really indigenous rocks. At the same time many of these 
indigenous rocks appear to have been at one time in a soft semi- 
fluid condition, which permitted movements obliterating the 
marks of sedimentary origin, and producing other results which 
show the passage into eruptive rocks. Thus the crystalline 
limestones of the Laurentian series in Canada are frequently in- 
terstratified with thin beds of gneiss and quartzite, both of which 
are often found broken, contorted, and even twisted spirally, in 
a manner which indicates great flexibility of the siliceous layers, 
as-well as violent movements in the calcareous rock. The lat- 
ter is in some cases found in the form of thin seams or consider- 
able dykes among the adjacent broken siliceous strata, thus as- 
suming for small distances, the characters of an intrusive rock. 
For some figures and descriptions illustrating these broken and 
distorted strata, see Geology of Canada, pp. 27, 28. We may also 
allude in this connection to the observations of Dr. Hitchcock 
among the altered strata of the Green Mountains, which seera to 
show that the pebbles of gneiss and quartz in certain conglom- 
erate beds have been so softened as to have been flattened, lam- 
inated, and bent around each other. {This Journal^ [2], xxxi, 
872.) Hence, while the tendency of the various observations 
above cited is in favor of the indigenous character of many rocks 
hitherto regarded as eruptive, we have at the same time evidence 
that these rocks are occasionally displaced. We should not 
therefore on a priori grounds reject the assertion that any ineta- 
morphic sediment may sometimes occur in an exotic or intrusive 
form. A given rock, like limestone or diorite, may occur both 
as an indigenous and an exotic rock ; and different portions of 
the same mass may be seen by different observers under such 
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unlike conditions that one niay regard it as indigenous, and the 
other, with equal reason, may set it down as intrusive. It is evi- 
dent then that to the lithologist, who examines rocks without 
reference to their geological relations, the question of the exotic 
or indigenous character of a given rock is, in most cases, one 
altogether foreign ; and one which can frequently be decided 
only by the geologist in the field. Hence, although generally 
made a fundamental distinction in classification, it will be disre- 
garded in the following sketch of the nomenclature of crystal- 
line rocks. 

I may here allude to a fact which I have already noticed, and 
tried to explain, {this Journal^ [2], xxxi, 414, and xxxvi, 220, 
note^) that throughout the great metamorphic belt which consti- 
tutes the Appalachian chain, exotic rocks are comparatively rare, 
(at least in New England and Canada); but abound, on the con- 
trary, among the unaltered strata on either side. Illustrations of 
this are seen in the valley of Lake Champlain, and in its north- 
ward continuation toward Montreal, in those of the Hudson and 
Connecticut, and in the northeastward continuation of the latter 
valley by Lake Memphramagog to the Bay of Chaleurs, which 
is marked throughout by intrusive granites. In accordance with 
the reasons already assigned for this distribution of exotic rocks 
it is probable that a similar condition of things will be found to 
exist in other regions ; and that eruptive rocks will, as a general 
rule, be found among unaltered, rather than among metamorphic 
strata. It is of course possible that a crystallization of the sed- 
iments may in some cases take place subsequent to the eruption 
' of foreign rocks into their midst. The rarity of intrusive rocks 
among crystalline strata, not less than the unaltered condition of 
sediments which are traversed by abundant intrusive masses, is 
a strong proof of the fallacy of the still generally received no^ 
tion which connects metamorphism with the contiguity of erup^ 
tive rocks. 

IL 

It is proposed in this second part, to describe briefly the com- 
position, structure and nomenclature of the various crystalline 
silicated rocks, considered without reference to the distinction 
between indigenous and intrusive masses. Comparatively few 
of these rocks are homogeneous, or consist of a single mineral 
species, and the names which have been applied to varying mix- 
tures of different species are of course arbitrary ; and as they 
have often been given without any previous mineralogical study 
it sometimes happens that, as in the case of the rocks composed 
of anorthic feldspars and pyroxene, different names have been 
proposed for varieties very closely related, or differing from one 
another only in texture or in structure. 
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The minerals essential to the composition of the rocks tinder 
consideration are few in number, and are as follows : quartz, or- 
thoclase ; a triclinic feldspar which may be albite, oligoclase, an- 
desine, labradorite or anorthite ; scapolite, leucite, nepheline, so- 
dalite; natrolite, or some allied zeolite; iolite, garnet, epidote, 
woUastonite, hornblende, pyroxene, olivine, chloritoid, serpen- 
tine, diallage; muscovite, phlogopite, and some other micas ; 
chlorite, and talc. To these may be added as accidental ingre* 
dients, the carbonates of lime, magnesia, and protoxyd of iron, 
together with magnetite, ilmenite and sphene. The silicates 
which, like tourmaline, beryl, zircon, spodumene, and lepidolite, * 
contain considerable portions of the rarer elements, and often 
occur with quartz and feldspar in granitic veins, whose origin 
has already been alluded to, enter at most in very small quantify 
into great rock masses. 

The varieties of structure in crystalline rocks are the more de- 
serving of notice as they have led to a great multiplication of 
names. We may note first the granitoid structure, in which the 
mineral elements are distinctly crystalline, as in granite. From 
this, there is a gradual passage through granular into compact 
varieties of rock. Most of these are simply finely granular, and 
are rightly entitled to the distinction of crypto-crystalline ; bat 
others, like the pitchstones, obsidians and lavas, are apparently 
amorphous, and are natural glasses. In some cases the constitU' 
ent minerals may be so arranged as to give a schistose or gneis* 
Boid form, to a rock. This arrangement is generally to be looked 
upon as an evidence of stratification, but something similar jg ^ 
occasionally observed in eruptive masses. In the latter case it ' 
generally seems to arise from the arrangement of crystals daring 
the movement of the half-liquid crystalline mass, but it may in 
some instances arise from the subsequent formation of crystals ar- 
ranged in parallel planes. 

See on this point Naumann On the prohahh eruptive origin of 
several kinds of gneiss, etc. ; Leonhard and Bronn, Neues Jaht' 
buck tor 1847, and Poulett Scrope, Oeol Journal, xii, 845. I 
consider however that their views are to be adopted with great 
reserve, and admitted only in a very few cases. The ribbanded 
structure of some porphyries and clinkstones, as noticed by 
Scrope, is undoubtedly the result of movements in the liquid 
mass, and the same is true of some of the granitoid dolorites to 
be described in the third part of this paper; but the eruptive 
origin assumed by Darwin, Naumann, and some others for great 
areas of gneiss and gneissoid granite, seems to a student of the 
crystalline rocks of this continent utterly untenable. As has 
been already remarked, the progress of each year's investigation 
restores to the category of indigenous rocks many of those pre- 
viously regarded as eruptive, and will, I am convinced, connrm 
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;he principle which I have laid down of the comparative rarity 
of exotic rocks in crystalline and metamorphic regions. 

Occasionally the crystallization of a rock takes place around 
certain centres, giving rise to rounded masses which have a ra- 
diated or a concentric structure, and constitute the so-called glob- 
ular or orbicular rocks. Distinct crystals of some minerals, gen- 
erally feldspar, augite, or olivine, are often found imbedded in 
locks having a compact base. To such rocks the name of por- 
phyry is given, and by analogy a rock with a granular base en- 
closing distinct crystals is designated as porphyritic or porphy- 
roii Amorphous or vitreous rocks, as pitchstones, are in like 
manner sometimes porphyritic. The name of porphyry, at first 
giiren to a peculiar type of feldspathic rocks, has now become so 
extended that it is to be regarded as only indicating an accident 
of structure- The title of amygdaloid is given to various rocks 
having rounded cavities which are wholly or partially filled with 
various crystalline minerals. The base of these rocks is gener- 
ally granular or crypto-crystalline, but is sometimes amorphous, 
resembling a scoria or vesicular lava, the cavities of which have 
been filled by infiltration. Such is doubtless the origin of some 
amygdaloids. In more cases however these cavities have prob- 
ably been formed like those often found in dolomites and some 
other rockfii, by a contraction during solidification. Porphyroid 
rocks, in which quartz, orthoclase and other minerals are ar- 
ranged in orbicular masses, are also sometimes designated amyg- 
daloids, and may be confounded with the two previous classes in 
which the imbeaded minerals are the result of subsequent infiltra- 
tion. Allied in structure and origin to the last are what are named 
variolites or variolitic rocks. (See Oeology of Canada^ pp. 606, 607.) 

The masses into which some aluminous minerals enter as a 
prominent element constitute by far the greater part of the rocks 
now under consideration. These are naturally divided into two 
classes, whose origin we have pointed out in a recent paper al- 
ready referred to. {This Journal^ [2], xxxvi, 218.) The first of 
these is characterized by containing an excess of silica, with a 
portion of alumina, much potash, and small portions only of 
lime, magnesia and oxyd of iron. The second class contains a 
smaller amount of silica, and larger proportions of alumina, lime, 
magnesia and oxyd of iron, with soda, and but little potash. 
These chemical differences are made apparent in the more coarsely 
crystalline rocks, by the nature of the constituent minerals ; and 
in the compact varieties by differences in color, specific gravity 
and hardness. Thus in the rocks of the first class the predom- 
inant mineral is orthoclase, generally associated with quartz, and 
the composite rocks of this class seldom have a density ' much 
above that of these species; or from 2*6 to 2 7. In the second 
class, the characteristic mineral is a triclinic feldspar, with pyrox- 
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ene or hornblende, the feldspar sometimes predominant ; while 
in other cases the pyroxene or hornblende makes up the princi- 
pal part of the rock. The presence of these latter minerals gen- 
eral ly gives to the fine grained rocks of this class a dark color, 
a hardness somewhat inferior to the more siliceous class, and a 
density which may vary from 2*7 to more than 8*0.' It will 
however be found that the line between the two classes cannot 
always be distinctly drawn, inasmuch as rocks containing ortho- 
clase and quartz often include triclinic feldspars such as albite 
and oligoclase, and by an admixture of hornolende offer a tran- 
sition to rocks of the second class. On the other hand, quartz is 
sometimes found with triclinic feldspars and hornblende in the 
rocks of the second class. Besides these two feldspathic classes, 
there is a third small but interesting group, in which an alumin- 
ous silicate of high specific gravity, such as garnet, epidote, or 
zoisite replaces the feldspar wholly or in part. These minerals 
being basic silicates rich ifi alumina, the relations of this group 
are naturally with those of the second class, although varieties of 
these species are found in rocks which belong to the first class. 

The silico aluminous crystalline rocks may thus be convenient- 
ly divided into three families. The first of these includes those 
rocks in which the aluminous mineral is orthoclase, (orthose) 
from which they may be conveniently designated by the name 
of the orthosile family. The second includes those in which the 
aluminous element is an anorthic or triclinic feldspar, and majr 
be designated as the anorthosite family ; chemically related to this 
are those rocks holding as one of their elements nepheline, leu- 
cite, or scapolite. The third family includes those rocks which 
contain an aluminous silicate of high density, as epidote, zoisite, 
garnet, and«ilusite, or kyanite, in place of a feldspathide. lolite 
or dichroite, which enters into the composition of some orthosite 
rocks, appears from its atomic volume to be related to the feld- 
spars, ana should take its place along side of anorthite and sca- 
polite as a magnesiau feldspathide, while beryl in like manner 
appears to be a glucinic feldspathide. 

It is worthy of notice that some feldspars having the crystal- 
lization and density of orthoclase, nevertheless contain large pro- 
portions of soda. The loxoclase of Breithaupt appears from the 
analysis of Smith and Brush to be a true soaa-orthoclase ; {this 
Journal^ [2], xvi, 43,) while the sanidine or glassy feldspar of 
many trachytes contains potash and soda in nearly equal propor- 
tions. The name of potash-albite has been given to some feld- 
spars of this composition, but the trachytic rocks hereafter to be 
described contain feldspars, which witnout being glassy, have 
the <K>mposition of sanidine, together with a cleavage and spe- 
cific gravity which show them to belong to orthoclase rather than 
to albite. The anorthic feldspars offer in their composition such 
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gradations from albite to anortbite that the various intermediate 
species which have been distinguished seem to pass into each 
other. {This Journal, [2], xviii, 270. Phil Mag, [4]; ix, 262.) 

Next to the feldspars in lithological importance are the two 
species, pyroxene and hornblende. These are sometimes found 
associated in the same rock, and the varieties of pyroxene known 
as diallage and smaragdite are frequently surrounded or penetra- 
ted by hornblende. This association of the two species should 
be kept in mind, inasmuch as the substitution of pyroxene for 
hornblende in anorthosites, has been made the basis of a subdi- 
vision in classification. {This Journal, [2], xxvii, 339.) Among 
the micas found in silicated rocks, besides muscovite and a mag* 
nesian mica (phlogopite or biotite), are to be included the hy- 
drated micas observed by Haughton in many of the Irish gran- 
ites. Of these the one is margarodite, and the other a uniaxial 
black mica, also hydrated, which he has referred to lepidomelane ;' 
{Trans, Boyal Irish Acad,, xxiii, 593.) The presence of from 
four to six hundredths of water in the micas of these granites is 
important in connection with the evidence already given of the 
intervention of water in the formation of granitic rocks. These 
two hydrous micas were often found by Haughton to be united 
in the same crystal ; and Rose has remarked a similar associa- 
tion of potash-mica and magnesian mica in certain granites 
(Senfi, die Felsarten, p. 206.) 

A scientific nomenclature for compound rocks presents such 
great difficulties that we must be content for the most part with 
trivial names which have been from time to time imposed. In 
the case of simple rocks the terms quartzite, pyroxenite, anortho- 
site, and orthoclasite are sufficiently definite, or they may be fur- 
ther characterized as normal orthoclasite, etc. ; while (^uartzose, 
micaceous, and quartzo-micaceo-hornblendic orthoclasite would 
designate various compound rocks of which orthoclase is the base. 
Such names, however descriptive, will never replace the older 
terms granite, syenite, etc., which are employed to designate cer- 
tain forms of orthosite rocks. The frequent association of a tri- 
clinic feldspar (oligoclase) with orthoclase in granite rocks, and 
the partial or total replacement of the micas generally present 
in these,, by hornblende, by chlorite, iDr by talc ; giving rise 
in the latter case to what is called protogine, are well known. 
Kepheline (elasolite), natrolite, iolite, and magnetite are some- 
times found as elements in granitic, gneissic and syenitic rocks. 
The name of miascite is given to a granitic mixture of ortho- 
clase and black mica with elaeolite, sometimes with hornblende, 
albite, and quartz. 

The structure of these orthosite rocks gives rise also to a great 
variety of names ; thus to coarsely lamellar granites the name 
of pegmatite is sometimes given, while fine grained mixtures of 
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orthoclase and quartz have received the names of grannlite, 
leptinite and eurite, or, when apparently homogeneoos and 
crypto-crystallinej petrosilex. These latter forms often be- 
come porphyritic from the presence of crystals of orthoclase, 
giving rise to orthoclase-porphyry, or orthophyre. In some rf 
these porphyries, as in those of Grenville to be described in the 
third part of this paper, qaartz is also present in distinct grains 
or crystals ; while in some of the reef antique porphyries the 
feldspathic base contains no excess of silica, and occasionally en- 
closes crystals of oligoclase or of hornblende. In many cases 
the granites, syenites, orthophyres, and other orthosite rocks just 
mentioned are intrusive, while in other instances rocks litbolog- 
ically indistinguishable from these are indigenous, and becoming 
schistose pass into gneiss and mica-shist. 

The rocks to which the name of trachyte has been given are 
generally composed in great part of orthoclase, (sanidine). The 
typical varieties of these rocks are white or of pale colors, gran- 
ular or finely crystalline, and frequently porous or cellular. 
They appear to consist of grains, crystals or lamellae of ortho- 
clase, aggregated without any cementing medium, and to this 
seems to oe due that roughness to which the rock owes its name. 
Oligoclase, quartz, hornblende and mica are also met with in 
this rock, which becoming coarsely granular, passes into granite. 
Such is the case with the trachytes of the Sierra of Carthagena 
in Spain, described by Fournet as passing from a dull rough 
gravish feldspathic mass, into a highly crystalline aggregate of 
feldspar and mica, with or without hyaline quartz, enclosing 
hornblende, red garnet, and fine blue iolite {GompUs HenduUj 
xliv, p. 1834.) 

The trachytic texture is not confined to orthosite rocks. Abich 
has described under the name of trachy-dolerites a group of tra- 
chy toid anorthosites, (dolerites). The cone of the Soufrifere of 
Guadalope is described by Deville as a rough granular /ock hay- 
ing the external characters of trachyte, from which it is distin- 
guished by its somewhat greater density, (2*75). It consists es- 
sentially of labradorite, with a little quartz, pyroxene, olivine, 
and magnetite. {Bui, Soc, Oeol. de France, [2], viii, 425.) Hum- 
boldt designates the traghy -dolerites of Etna and of the peak of 
Teneriflfe as trachytes, {Gamptes Bendus, xliv, 1067) ; so that this 
word, like porphyry, comes to indicate nothing more than a pe- 
culiarity of structure, which may be assumed by various feld- 
spathic rocks. The trachytic orthosites, as we have seen, pass 
into granites, from which they do not diflFer in chemical compo* 
sition ; and their differences in texture probably depend upon the 
fisict that the one was solidified under great pressure, and the 
other near the surface, trachytes passing in fact into lavas. The 
observations of Sorby on the nuid-cavities in the crystals of 
granite and trachyte are in point. 
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Among the intrusive rocks of Canada, to be described, are* 
granitoid, compact, and earthy varieties of trachytic orthosites^ 
besides trachytic porphyries. These rocks often contain dissemi- 
nated earthy carbonates, sometimes in considerable amount ; n» 
Deville had already shown for some of the trachytes of Hungary, 
and as I have also observed for those of the Siebengebirge on 
the Ehine. Trachytes also hold in some cases disseminated por-^ 
tions of a zeolite, apparently natrolite, and through thia mixture 
pass into phonolites, of which a characteristic variety will be no- 
ticed in this paper. Obsidian and pumice-stone, which are often 
associated with orthoclase trachytes, are related to them in com^ 
position ; and pitchstone and perlite are similar rocks, diflFering 
however in containing some combined water. Eocks resembling 
pitchstone, and sometimes porphyritic from the presence of dis- 
tinct crystals of feldspar, occur in the south side of Michipicoten 
Island, Lake Superior, but have not yet been examined. Analy- 
ses by Jackson and by Whitney of the pitchstones of Isle Roy-^ 
ale will be found in this Journal, [2], xi, 401 and xvii, 128. 

The presence of anorthic feldspar, generally oligoclase, in 
many granites and trachytes, not less than the admixture of or* 
thodase crystals in some of the trachytic-dolerites of Etna, serves 
to connect the orthosite with the anorthosite family. Great 
masses of indigenous rock in the Labrador series in Canada, are 
made up of almost pure granular labradorite, or related triclinic 
feldspars, and might be termed normal anorthosites, {this Journal^ 
[^, xxxvi, 224 J Oeol. of Canada^ 588). In most cases, how- 
ever, these feldspars are intermingled with some other mineral, 
commonly hornblende or pyroxene. 

The name of diorite is by good authorites restricted to rocks 
whose predominant elements are triclinic feldspars with horn- 
blende, while the names of diabase and dolerite distinguish those 
rocks in which pyroxene takes the place of hornblende. In some 
anorthosite rocks however, pyroxene and hornblende are inti- 
mately associated, so that a passage is established from diorite to 
diabase. The feldspar of diorites varies in composition from al- 
bite to anorthite, and is occasionally accompanied by quartz. 
This, though most frequent with the more siliceous feldspars, is 
sometimes met with in diorites which contain feldspars approach- 
ing to anorthite in composition. Sometimes the two constituent 
minerals are distinct and well crystallized, constituting a grani- 
toid rock : fine examples of this, hereafter to be described, oc- 
cur in the intrusive hills of Yamaska and Mount Johnson. At 
other times the diorite is finely granular or compact, when its 
color is generally of a green more or less dark from the dissem- 
inated l\ornblende, and it takes the name of greenstone. The 
greenstones of the Huronian series are in part at least diorites, 
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and probably indigenous, but a great number of the so-called 
greenstone-traps are pyroxenic, and belong to the class of dia- 
base or dolerite. Diorite not unfrequently contains a mica, which 
is generally brown or black in color. Chlorite, magnetite, ilmen- 
ite and sphene often occur as disseminated minerals, as also car- 
bonates of lime, magnesia and oxyd of iron. The finer grained 
diorites are frequently porphyritic from the presence of crystals 
of feldspar or of hornblenae. Occasionally this rock is concre- 
tionary in its structure, as in the obicular diorite or napoleomte 
of Corsica ; which contains a feldspar allied to anorthite, witk 
hornblende, and some quartz. The norite from Sweden is a 
granular mixture of a similar kind, containing also mica ;. and 
the ophite of some writers is a diorite in which hornblende 
greatly predominates. 

The rocks which are essentially composed of anorthic feldspar 
and pyroxene, present still greater diversities than the diorites, 
and have received various names based upon differences in tex- 
ture and in the form of the pyroxenic element. It is here pro- 
posed to restrict the name of dolerite to such of these rocks as 
contain the black augitic variety of pyroxene, and to include the 
mixtures of triclinic feldspars with all the other varieties of this 
species under the head of diabase. The finer grained and im- 
palpable varieties of diabase have received the name of aphan- 
ite, which is often indistinguishable from the corresponding forms 
of diorite, and like these may become porphyritic, giving rise to 
the augite-porphyry of some authors. Different varieties of this 
porphyry have received the name of labradophyre, oligophyre, 
and aibitophyre, according to the composition of the imbedded 
feldspar crystals. These are sometimes accompanied by crys- 
tals of augite, or are altogether replaced by them. 

The name of hyperite or hypersthenite has been given to those 
varieties of diabase which contain hypersthene or diallage. 
These rocks occur abundantly in the Labrador series, where the 
hypersthene in them sometimes takes the form of a green dial- 
lage, or passes into a finely granular pyroxene, and is associated 
with red garnet, ilmenite, and a little brown mica ; in addition 
to which epidote is said to occur in the hyperites of the same se- 
ries in New York, and olivine is mentioned as being found in 
the hyperites of Sweden, and of the Island of Skye. Horn- • 
blende is also in some localities associated with the hypersthene. 
The hyperites, although indigenous rocks in the Labrador series 
in Canada, are described as forming in other regions intrusive 
masses. 

Those varieties of diabase or hyperite which contain diallage 
have, by the Italian lithologists been called granitone, but by 
Eose and others have been described under the name of gabbro. 
This rock sometimes contains hornblende, mica, and an admix- 
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ture of epidote. A compact white or greenish-whitie epidote, or 
zoisite, which has the hardness of quartz and a density of 8*3, to 
84, is the mineral named saussurite. This with smaragdite, 
which is an emerald-green pyroxene, often mingled with horn- 
blende, and passing into diallage, forms the euphotide of Hauy. 
Compact varieties of labradorite and of other triclinic feldspars 
have by most of the modern lithologists been confounded with 
saussurite, and hence the name of euphotide is frequently given 
to the so-called granitone or gabbro, which is only a diallagio 
variety of diabase. The true euphotide often contains a portion 
of talc, and sometimes encloses crystals of a triclinic feldspar, 
apparently labradorite, thus offering a transition to diabase. See 
farther my researches on Euphotide and Saussurite {this Journal^ 
[2], xxvii, 839, and xxxvii, 426.) 

Under the name of dolerite, as already remarked, it is pro- 
posed to class such anorthosite rocks as contain a black ferrugin- 
ous pyroxene or augite. These rocks, which are sometimes 
coarsely granular or granitoid in their structure, pass into fine 
grained or compact varieties, which are distinguished by the 
names of anamesite and basalt. To these latter varieties belong 
a great part of the greenstone-traps, although in rocks of this 
texture it is often impossible to determine whether it is horn- 
blende or pyroxene which is mingled with the feldspar. Olivine 
in grains or crystals frequently occurs both in the fine grained 
basaltic dolerites and in the granitoid varieties, giving rise by its 
predominance to what is called peridotite. ' Some fine grained 
dolerites are porphyritic from the presence of black cleavable 
augite crystals, forming an augite-porphyry. Finely dissemin- 
ated carbonates of lime and oxyd of iron are occasionally pres- 
ent in these rocks to the extent of twenty per cent, and even 
more. In like manner, magnetite and ilmenite, which are often 
associated, may constitute several hundredths of the mass. 
Many fine grained greenstones contain, like phonolite, large por- 
tions of some zeolitic mineral, and they often abound in chlorite. 
The pyroxene in these rocks is sometimes replaced by a highly 
basic silicate. Some varieties of what has been called diallage 
may be represented as an aluminiferous pyroxene plus a hydrate 
of magnesia. At other times a mineral approaching in compo- 
sition to a ferruginous chlorite (frequently amorphous) enters in- 
to the composition of these anorthosites, and even in some cases 
appears to replace altogether the pyroxene or hornblende, con- 
stituting an aoerrant form of diorite or of diabase, which is not 
uncommon among greenstones, and for which a distinctive name 
is needed. See on this point Geology of Canada, pp. 469, 605, 
and the remarks on melaphyre below. 

The finer grained dolerites are often cellular, giving rise to 
amygdaloids, whose cavities are generally filled with calcite, 
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quartz, or ^me zeolitic minerals. To these amygdaloids tbe 
name of spilite is sometimes given. Earthy varieties of basalt, 
which are frequently the result of partial decomposition, consti- 
tute the wacke of some writers. It is doubtful how far many 
of these spilites and wackes have a claim to be considered as 
crystalline rocks, inasmuch as they appear in very many cases to 
be nothing more than aqueous sediments accumulated under or- 
dinary conditions, or perhaps in some cases derived from volcanic 
ash or volcanic mud. As the other extreme of this series of 
rocks we may notice that dolerites often assume a trachy tic form 
— the trachy -dolerites already mentioned — or constitute the lavas 
from modern volcanos. 

Among the compound rocks which are related to the preceding 
group by the presence of augite may be noticed nepheline-doler- 
ite, in which nepheline replaces the feldspar ; and analcimite, a 
variety into which analcime enters in large amount. Scapolite 
also in some cases replaces feldspar, and forms with green pyrox- 
ene, a peculiar aggregate associated with the Laurentian lime- 
stones. Leucite enters as an important element in some doler- 
ites, and even replaces wholly the feldspathic element^ giving 
rise to what has been called leucitophyre or leucilite. 

[Leucite is generally regarded as an exclusively volcanic min- 
eral, but according to Foumet, it occurs like other feldspars in 
mineral veins, forming the gangue of certain auriferous veins in 
Mexico, {Oeologie Lyonnaise, p. 261). According to Scheerer 
leucite also occurs in drusy cavities with zeolites and quartz at 
Arendal in Norway ; although it would seem to be rare in this 
locality since Durocher was not able to detect it, {Annates des 
Mines, [4], i, 218). The conditions required for the formation (^ 
this feldspaihide must be peculiar, since the volcanic rocks whicn 
afford it are confined to a few localities ; and since while it con- 
tains a large amount of potash it is a basic silicate, and found 
among highly basic rocks, in which potash compounds are gen- 
erally present only in very small quantities. The agalmatolite 
rocks, including dysyntribite and parophite, {Geology of Canada, 
p. 484,) are however basic aluminous silicates in which potash 
predominates, and might be supposed under certain conditions of 
metamorphism to yield leucitic rocks.] 

The name of melaphyre, which is employed by many writers 
on lithology requires a notice in this connection. It was pro- 
posed by Brongniart as a synonym for black porphyry, (mela- 
porphyre,) and defined by him in 1827 as a porpnyry holding 
crystals of feldspar in a base " of black petrosiliceous horn- 
blende." {Glassif, des Roches^ p. 106.) Subsequent researches 
showed that some of these porphyries were really augitic ; and 
Von Buch employed the name of melaphyre as synonymous 
with augite-porphyry, in which he was followed by D'Halloy, 
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{Des JRocheSj p. 75). In consequence of this confusion, and of 
the vague manner in which the term is used to include rocks 
which are sometimes diorites and sometimes varieties of dolerite 
or basalt, Cotta seems disposed to reject the name of melaphyre 
as a useless synonym, in which I agree with him. {Gesteinslehre^ 
p. 48.) More recently however, Senft {Die Fekarten, p. 268,) has 
endeavored to give a new signification to the term, and defines 
melaphyre as a reddish-gray or greenish-brown colored rock, 
passing into black, and containing neither hornblende nor pyrox- 
ene. The melaphyres of Thuringia and of the Hartz, according 
to him, consist of labradorite with iron-chlorite, (delessite,) car- 
bonates of iron and lime, and a considerable portion of titanifer- 
ous magnetic iron. Hornblende and mica are present only as 
rare and accidental minerals. We have already alluded to this 
class of anorthosite rocks, as requiring a distinctive name, but 
from the historical relations of the word melaphyre, it seems to 
be an unfortunate appellation for rocks which are not black in 
color, and from which both hornblende and pyroxene are absent. 
We now come to consider that third group of silicated rocks, 
in which the feldspathides are replaced by the denser double sil- 
icates of the grenatide family, garnet, epidote, zoisite, and per- 
haps idocrase. Red garnet enters into many gneissic rocks, and 
even forms with a little admixture of quartz, rock masses. In 
fiome of these, as in the Laurentian series, there appears an ad- 
mixture of pyroxene, forming a passage into omphazite or eclo- 
gite ; which consists of smaragdite (pyroxene) and red garnet, 
sometimes mixed with mica, quartz and kyanite, and passes 
through an increase of the latter into disthenite or kyanite rock. 
An aggregate of hornblende and red garnet forms a bed in the 
Green Mountains, and an admixture of red garnet with lievrite 
and a little mica makes up a rock in the Laurentian series. This 
is evidently related to eulysite, a rock forming strata in gneiss 
in Sweden, and consisting of garnet, pyroxene, and a mineral 
having the composition of an olivine in which the greater part 
of the magnesia is replaced by ferrous and manganous oxyds. 
Belated to this is an apparently undescribed rock from the Ty- 
rol, of which a specimen is before me, consisting of red garnet, 
green pyroxene and yellowish-green olivine, the latter greatly 
predominating; and also a coarsely crystalline rock from Cen- 
tral France, recently described by the name of cameleonite, and 
composed of olivine, with pyroxene, and enstatite, a magnesian 
augite ; these minerals being accompanied by spinel, sphene and 
ilmenite. I have already alluded to the true euphotides, in which 
a compact zoisite, (jade or saussurite,) takes the place of feldspar 
in a rock the other element of which is pyroxene, and have 
shown how the occasional presence of a triclinic feldspar con- 
nects euphotide with diabase. {This Journal, [2], xxvii, 386.) In 
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the same paper are described rocks made up of a white compact 
garnet, with and without hornblende and feldspar, and also an 
epidosite, composed of epidote and quartz. 

By the disappearance of the aluminous silicate from the rocks 
of the second and third groups, a passage is established to the 
amphibolites and pyroxenites, and these, through diallage rock, 
ofler a transition to the ophiolites or serpentines. These rela- 
tions are well exhibited in Eastern Canada, where the diorites or 
greenstones, which are sometimes highly feldspathic, pass into 
actinolite rock and hornblende slate on the one hand, and into 
diallagic diabase and diallagic ophiolite on the other. 

These greenstones, which contain a chloritic mineral, and are 
often epidotic, pass gradually into compact or schistose chloritic 
rocks, frequentlv enclosing nodules or layers of epidote, either 
pure or minglea with quartz. The relations between these vari- 
ous rocks are such that after a prolonged study of them I find it 
difiicult to resist the conclusion that the whole series, from dior- 
ites, diallages and serpentines, to chlorites, epidosites and stea- 
tites has been formed under similar conditions, and that they are 
all indigenous rocks. (Oeohgy of Canada^ pp. 606, 612, 652.) I 
have elsewhere expressed the opinion that tnese silicates are prob- 
ably of chemical origin, and have been deposited from solutions 
at the earth's surface. The sepiolite or hydrous silicate of mag- 
nesia, which occurs in beds in tertiary rocks, the neolite of 
Scheerer, the silicates of lime, magnesia and iron-oxyd deposited 
during the evaporation of many natural waters ; and the silicates 
of alumina like halloysite, allophane and collyrite, and that de- 
posited by the thermal waters of Plombi^res, all show the forma- 
tion and deposition at the earth's surface of silicates, whose sub- 
sequent alteration has probably given rise to many minerals and 
rocks. (This Journal, [2], xxxii, 286; and Geology of Canada, 
pp. 559, 577, 581). At the same time the phenomena of local 
metamorphism furnish evidences that similar compounds have re- 
sulted from the action of heat upon mechanical mixtures in sed- 
imentary deposits, {ibid, p. 581). A further consideration of this 
subject, and of the two-fold origin of many siliceous minerals is 
reserved for another place. 

[To be continued.] « 
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SCIENTIFIC INTELLIGENCE. 

I. PHYSICS. 

I. On the passage of radiant heat through polished^ roughs and smoked 
rock-salt^ and on the diffusion of rays of heat, — H. Knoblauch has con- 
tributed a very elaborate and valuable investigation of the transmission 
of radiant heat through rock-salt. We give the results in the author's 
own words, referring the reader for details of apparatus and methods to 
the original memoir. 

L (1.) Clear chemically pure rock-salt permits rays of heat of all 
kinds to pass through it in equal proportion, whether the difference be- 
tween the rays depends upon the fact 

a. that they are diffusely reflected from different bodies, or 

h, transmitted through different diathermanous bodies, or 

c. radiated from different sources of heat 

(2.) In the case of this absorption, equally exercised upon all element- 
ary rays, it is proved that in the solar spectrum of a rock-salt prism the 
maximum of heat falls in the dark space beyond the red ; within the 
visible portion of the spectrum the distribution of heat is the same in 
the case of prisms of rock-salt and flint glass. 

II. (1.) The heat rays of the sun pass through rough as well as cloudy 
rock-salt in a less proportion than those of an Argand lamp, and these last, 
as a rule, in a less proportion than the rays of a source of heat at 100*^ C. 

An increase of roughness diminishes the transmission of every kind 
of heat but affects solar heat most, that of a lamp less, and that of a 
dark source least of all. 

(2.) Independently of the elective absorption exerted by the substance, 
the rough surface of unpolished glasses exercises an influence correspond- 
ing to that of the internal cloudiness in milky glasses. 

(3.) These phenomena can not be referred (with Forbes) to an absorp- 
tion which affects qualitatively different rays of heat unequally, nor (with 
Melloni) to an unequal dispersion in the rough and cloudy media de- 
pending on the heat-color, by which the rays are more or less deviated 
from the thermoscope. Neither is the roughness of the surface in itself, 
nor the direction of the rays proceeding from a single point the deter- 
mining coi^ition. 

(4.) The diffuse heat arising from radiation through rough or cloudy 
screens or reflection from rough surfaces radiates more abundantly through 
diffusing screens according as (a) the rays are more diffuse, (6) in com- 
parison with parallel rays, as the screens are more diffusive. 

(5.) In fact the really determining condition of the passage through 
these screens is whether the incident rays are parallel, or more or less 
variously radiated from a greater or less number of points. 

(6.) Hence, for one and the same source of heat, the ratio of trans- 
mission in question (in spite of a constant quantity of heat falling directly 
upon the plates) diminishes with the distance of the source, and the more 
rapidly the more diffusive the screen. 

(7.) It is possible, by a proper arrangement of the experiments, to 
cause the more abundant passage of rays of heat from a source at 
100*^ C. in comparison with those from the lamp, cited in (1.), to disap- 
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pear, and eren^ conversely, to bring about a more abundant transmissioa 
of the beat of the lamp. 

III. (1.) In the passage of radiant heat through rock-salt covered with 
soot an elective absorption (suspected by Melloni) takes place witboot 
diffusion. A diffusive action (supposed by Forbes) never takes place in 
consequence of the rough surface of the layer of soot, but sometimes in 
consequence of a tarnishing of the rock-salt plate in the process of eov- 
ering with soot. 

(2.) In the case of transmission through thin layers of metal laid tipon 
glass the first process takes place without the last. 

(3.) The presence of an elective absorption exerted during transmission 
is most certainly recognized by determining whether the heat before and 
after its passage through the substance in question retains unchanged or 
varies its capacity to pass through other (clear) diathermanous bodies 
with a smooth surface. 

(4.) A diffusive action is best tested by either of the following methods. 

a. If solar heat be allowed to pass through the screen in question, and 
the transmitted be compared with the direct rays, either both groups of 
rays exhibit an equal power of transmission through colorless rock-salt, 
or else the first passes more freely than the second group. In this last 
case the plate investigated is diffusive. 

h When, of two groups of rays of the same thermic color, 'one of 
which consists of parallel and the other of diffusive rays, the latter passes 
most easily through the substance tested, this substance is diffusive. In 
this process a method is pointed out for the comparison with each other 
of different degrees of diffusion within very wide limits. 

IV. (1.) a. By diminishing the angle which the rays of heat form 
with an unpolished or cloudy plate the diffusion exerted upon them is in 
general increased. This increase, with the change in inclination, in the 
first place becomes larger with the generally diffusive property of the 
screen, but then again grows less to such a degree that in very rough 
and sufficiently cloudy plates, just as in the case of clear ones no diffe^ 
ence can be detected in the behavior of rays which are transmitted at 
different angles of inclination. 

h, A diffusion produced by reflection from rough surfaces diminishes, 
on the contrary, for the more obliquely incident rays, and passes finally 
into regular reflection. « 

(2.) Between the smooth and the two-sided rough surface there are 
circumstances, in consequence of which, independently of every process 
in the interior of the substance, the simple mechanical quality of the 
surface produces a " coloration '' of the transmitted heat. 

(3.) It follows, therefore, that in the case of the rough and cloudy 
media in question, a distinction must be made between the action of the 
diffusion, which is always present, and that of the elective absorption 
which sometimes occurs. 

^4.) Fused common salt produced a diffusion but no heat-coloration. 

5.) Another piece of rock-salt was found to be chemically and me- 
chanically impure, and exercised both a diffusive action and an elective 
absorption. Circumstances of this kind explain the varying observations 
made in different experiments with rock-salt. — Pogg. Ann,^ cxx, 177. 

w. o. 
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II. CHEMISTRY. 

If On a cyanid (rf phosphorus, — HdBNBR and Wbhrhaux bave de- 
BcHbed a tercyanid of phosphorus obtained by the following process. 
Perfectly dry cyanid of silver is heated in a glass tube with ah equivii- 
lent quantity of terchlorid of phosphorus diluted with chloroform. The 
double decomposition requires a temperature of 120° C. to 140^ C. for 
several hours. The chloroform is distilled off in a current of carbonic 
acid gas and the cyanid of phosphorus sublimed into the heck of the 
retort Tercyanid of, phosphorus forms long brilliant snow-iirhit6 cfystals^ 
When ffehtly heated they take fire in the air and burn with a bright 
light Water decomposes the cyanid with violence, forming phosphorous 
and cyanhydric acids. The crystals melt and volatilize at about 190° G. 
Analysis proved tLat the constitution of the cyanid of pho8plK)ru8 ia 
PCy3 ; the authors propose to study the products of its decomposition. — 
Ann, der Chemie und Pharm,^ cxxviii, 254, Nov. 1863. w. o. 

2. On Indium, — R^iCH and Richter have given some furtlier details 
of the new metallic element, Indium, discovered by them in the Freiburg 
blendes. Indium gives in the spectroscope two blue lines, of which the 
brighter stands at 08, the fainter at 135, of a scale on which the sodiunt 
line stands at 38, and the blue strontium line at 93. A compound of 
indium colors the flame of Bunsen^s burner violet, so that the presence 
of the metal may be detected without the spectroscope. The metal as 
obtained by reducing the oxyd before the blowpipe on charcoal with soda 
is soft and ductile, leaving on paper a streak which is brighter than that 
of lead and somewhat like that of tin^ The metal dissolves in chlor- 
bydrio acid with evolution of gas, and the solution gives the blue line 
with great intensity. The hyd rated oxyd precipitated by ammonia is 
white and shiny : tartaric acid prevents its precipitation by ammonia, but 
sulphid of ammonium produces in this solution a volaminous white pre- 
cipitate^ Potash behaves like ammonia ; carbonate of soda precipitates 
a white crystalline carbonate. The oxyd ignited in a current of hydro- 
gen gave no water and remained unchanged. Heated with carbon in a 
current of chlorine the oxyd yields a very volatile chlorid condensing in 
colorless crystalline leaves with the lustre of mother of pearl. This chlo- 
rid deliquesces readily, and on drying is partially decomposed. The 
chlorid gives the blue line in the spectroscope with great intensity, but in 
this case the duration of the line is very short It is better to heat the 
oxyd in a platinum spoon with a little chlorhydric acid, when the blue 
line is rather less brilliant but lasts longer. A solution of the metal in 
chlorhydric acid gives with ammonia and sulphid of ammonium a gray- 
ish brown precipitate, but it is possible that the color may arise from im- 
purities. The separation of iron from indium is difficult The chlorid 
gave with ferrocyanid of potassium a white precipitate, with a shade of 
blue from the presence of iron, ferridcyanid gave no precipitate, sulpho- 
cyanid of potassium a pale red, owing to the presence of iron. The 
oxyd gives no blue color before the blowpipe with cobalt solution, and 
after ignition dissolves slowly but completely in chlorhydric acid. The 
authors satisfied themselves that indium occurs only in the Freiberg zinc- 
blende, and not in the arsenkies and schwefelkies. — Joum, fur pruhL 
Chemie, Band 90, 172. w. o. 

Am. Jour. Sci.— Second Series, Vol. XXXVII, Ko. UO.—Mabch, 1861 
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III. MINERALOGY AND GEOLOGY. 

1. JSusynchite and Dechenite, — ^In an extended investigation on Vana- 
dium, C. CzuDNOwicz reviews the analyses of vanadinite, dechenite^ artB- 
oxene and tusynchite. He shows, that the method used by Tschermak 
for the indirect determination of vanadic acid, in the rkomhic vanadiniu 
from Eappel in Carinthia, is incorrect, and the conclusion that the mine* 
ral was a simple vanadate of lead, ^^bV, is an assumption not justified by 
the facts : the only datum for this, being a single determination of the 
per-centage of lead. Czudnowicz gives the following new analyses of 
eusynchite : 

Ph Za V* 

1. 66-47 16-78 28-66 

2. 6891 21-41 1917 

* 6/ loss. 

From these results it appears that eusynchite is a ter-basic vanadate of 
lead and zinc, with the formula (]E*b, Znyv, Czudnowicz calls attention 
to the analogy between eusynchite^ arceoxene and dechenite^ and sug^ts 
that the latter may contain zinc, the presence of which might have been 
overlooked, as was the case in Nessler's analysis of eusynchite. — {Pogg» 
Ann,y cxx, 17.) 

[In a note to Nessler's analysis of eusynchite, published in the 4th Snp- 

Flement to Dana's Mineralogy (thie Journal^ [2], xxiv, 116, July 1867), 
stated that, on qualitative analysis of this mineral, I had found it to 
contain zinc, and attention was also called to its remarkable resemblance 
to dechenite. This statement is now confirmed by the analyses of Czud- 
nowicz, although he has overlooked my observations on eusynchite, as 
also the fact that in the same article I pointed out the existence of zinc 
in dechenite, and suggested the probability that dechenite and arssoxene 
were identical. About the time my note was published, Bergemann ga?e 
the following analysis of arseoxene in Leonhard and Bronn's Jakrbuch 
fur Mineralogie (1867, p. 397) : 

^h Zn Ib V 3fclPe» 

62*66 18*11 1062 16*81 1*34 = 99*33 

* With traces of phosphoric acid. 

Bergemann mentions that araeoxene and dechenite occur together at 
Dahn, in the Palatinate, but that dechenite may be distinguished from 
araeoxene by the color, the former being a beautiful red, while the latter 
is reddish-brown to deep brown. In the original analyses of dechenite by 
Bergemann, he found in the dark red crystalline variety, in two deter- 
minations, 52*92 and 53*72 p. c. of oxyd of lead, and in the yellowish 
variety 60*67 p. c. of oxyd of lead. In some specimens, he obtained on 
charcoal a reaction for arsenic, although, he says, the pure specimens con- 
tained no arsenic. It would seem then, that Bergemann considers ar«- 
oxene and dechenite distinct mineral species ; he, however, gives us no 
new examination of dechenite, but merely re-asserts that dechenite is a 
neutral vanadate of lead. I have examined a specimen of dechenite 
obtained from Dr. Erantz in 1851, shortly after Krantz and Bergemann 
had described this species, and have found that it contains, not only zincy 
but arsenic. The specimen has the appearance of being pure and unal- 
tered ; it is perfectly homogeneous, has a brownish- red color, is botryoidal 
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n form, and, under the lens, its structurp appears crystalline. There is 
)very probability that this specimen, which Dr. Erantz, the discoverer of 
the species, called dechenite, has the same composition as arseoxene. It 
is worthy of note, that the method used by Bergemann for the quantita- 
tive determination of vanadic acid, would not separate it from arsenic 
acid and oxyd of zinc, had such been present. Further, it is suggested 
by Czudnowicz, that the fact that Bergemann was unable to separate 
sulphuric acid from the so-called pure vanadic acid by heat, indicated the 
presence of a base with the vanadic acid, as it is well known, and fully 
established by the observations of Fritzsche and Schafarik, that there 
is no difficulty whatever in effecting this separation. It is also a some- 
what singular coincidence that dechenite, if it be a neutral vanadate, 
should happen to have the same percentage of oxyd of lead as the ter- 
basic vanadate arseoxene. It is further somewhat peculiar, if they are 
distinct species, that their specific gravity should be so nearly identical : 
dechenite having a density of 5*81, while that of arseoxene is 5*79. The 
same may be said of their hardness and the other physical characters, 
except a questionable difference in color. Any one reading v. KobelPs 
description of arseoxene ^ and Bergemann's original description of the 
physical characters of dechenite ' could hardly fail to conclude that they 
are the same mineral. • To all this, adding tne fact that Dr. Erantz, the 
discoverer of dechenite, considers the two minerals to be identical, and 
further, that a specimen of the so-called pure dechenite, received from Dr. 
Erantz, as early as 1851, proves to have all the characters of arseoxene, 
we think we may safely question the accuracy of Bergemann's results in 
his examination of dechenite. Czudnowicz calls especial attention to the 
drcumstance that all the native vanadates thus far described, of which 
ve have trustworthy analyses, are basic in their character. — a. j. b.] 
. 2. Gothite from Lake Superior, — ^This mineral is found associated 
with hematite at the Jackson Iron Mountain, near Marquette, Lake Supe- 
rior. Some of the specimens have the hyacinth- red color which charac- 
terizes the variety of gothite called by the Germans ^ Rubinglimmer.'' 
It also occurs in acicular crystals of an almost velvet-black color and 
lustre, and it is occasionally found in distinct trimetric crystals. A de- 
termination of the water gave 10*47 p. c o. J. b. 

3. Szaihelyite, — This new borate, described by Peters and already no- 
ticed briej^ in this Journal,' has been further investigated by Stromeyer 
and Peters.^ It occurs disseminated through a gray granular limestone 
at Werksthal near Retzbanya. This limestone, treated with dilute nitric 
acid in the cold, gave a residue consisting of a crystalline powder, and 
also rounded kernels of the size of a lentil. These kernels are translu- 
cent, white on the exterior, and interiorly yellowish. Hardness, between 
3 and 4. Stromeyer found the limestone to contain 16*6 of crystalline 
needles, and 14*8 of the rounded kernels. The specific gravity of the 
former was 2*7, of the latter 3*0. The air-dried mineral was constant in 
weight at 100° C. Analysis of the two varieties gave : 
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The needles eoniMoed traeee of carbon, and oxyd of nianganeee. If tlie 
chlorine is considered to exist as MgCl and the iron as Fe'fi', and tbeis 
with the 0*20 quartz be subtracted from No. 1, and averaged to 100, the 
composition of the mineral will be fi 88-86, Ag 64*S5, £[ 7*00=3:100. This 
gives the formula 9(Ag<fi')«f 4H0. A similar calculation made mih No. 
2 gives B 8^18, % 61-62. fi 12-86=100, and the formula 8(Ag»B*)-h8ft» o' 
4 atoms more of water than the crystalline variety. The composition is 
related to that of stassfurthite, this last mineral being an acid hydro- 
horate combined wilh chlorid of magnesium, while szaibelyite is a bssie 
hydro-borate in which chlorid of magnesium is not an essential constilo- 
ent. [The specific gravity of the borate with 4 atoms of water is stated 
to be less than that with 8 atoms of water, this is probably either a mi^ 
print or an error in observation. — o. j. b.] 

4. Aitrophyllite. — F. Pisani has reexamined Scheerer's astrophyllite. 
It is a micaceous substance, found at Brevig imbedded in a feldspar of 
the zircon-syenite, and is associated with catapleiite, aegirine, and large 
prisms of a black mica. It forms six-sided prisms, frequently lengthened 
ki the direction of the shorter diagonal, sometimes in stellated groopi 
and having a basic deavage. In thin leaves translucent. Color bronze- 
yellow. The powder resembles mosaic gold. Lamin» only sliglitly 
elastic. Q.zr3. G.2=:d*324. Before the blowpipe swells up, and fosei 
easily to a black magnetic enamel. With soda and borax shows a strong 
manganese reaction. In the spectroscope gives the lines of lime, soda, 
potash, and lithia. Decomposed by ehlorhydric acid with separation of 
silicic acid in scales ; tlie solution heated with zinc or tin gives the reao' 
tion for titanic acid. Analysis gave — silica 33*23, titanic acid 7*00, zi^ 
oonia 4*97, alumina 4*00, ferric oxyd 3*75, ferrous oxyd 23*58, manga- 
nous oxyd 9*90, lime 1*13, magnesia 1*27, potash 5*82, soda 2*61, lithis 
l^race. ignition 1*86=90*11. The oxygen ratio of the bases to the acid, 
considering the titanium and zirconium to be sesquioxyds and basic, is 
»& 16*87 to 17*72, which would indicate that this species belonged to the 
mica group of minerals. The small amount of alumina in the mineral 
is singular.— •Towr./.^a^^. Chem,^ xc, 53, from (Jomptes Rendu%^ IW, 
.846. G. J. B. 

5. Bragiie, — J. A. Michaelson has analyzed a columbate €rom Helle 
in Norway, which he says is the bragite of Forbes and DahJ. The min- 
eral is grayish brown in color, has an uneven fracture and ^ metallie 
lustre. £[.=4*5. G.:75^40. With salt of phosphorus and borax givei 
H bead, which is greenish-yellow while warm, and colorless Ga cooling 
Composition : 
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from which Michaelson draws the formula ItiSb, and ^considers the miDe* 
ral to be identical witt tyrite and fergusonite. — J»f.pr^ Chem,, xc, 108, 
[Tyrite and fergusonite need further investigation ; it may be that bragite 
and tyrite are identical^ but the analyses of Hartwell, Weber and Forbes 
would indicate tliat fergusonite and tyrite are distinct species. — o. J. b.] 

6. On Organic Remmns in the Laurentian Socks of Canada ; (from 
a letter to the Editors of this Journal from Sir W. E. Logan, F.R.S., da- 
ted Montreal, Feb. 17th, 1864.)— In August, 1859, I exhibited to the 
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Atnerican Association at Springfield, Mass., specimens of what ivas re* 
garded by rae as an organic form externally resembling Stromatocerium, 
and found in the Laurentian limestone of the Ottawa. These were de* 
scribed by roe in the Canadian Naturalist for that year, (vol. iv, p. 800,) 
and afterwards figured in the Geology of Canada^ (p. 49). In 1863, sim- 
ilar forms were detected by the Geological Survey, in the serpentine-lime* 
atone of GrenviHe^ seetionsof which we have prepared and submitted for 
microscopic examination to Dr. J. W. Dawson. He finds that the ser- 
ftentine, which was supposed to replace the organic form, really fills the 
interspaces of the calcareous fossil. This exhibits in some parts a well- 
preserved organic structure, which Dr. Dawson describes as that of a 
Foraminifer ** growing in large sessile patches after the manner of (7ar- 
penieria^ but of much greater dimensions, and presenting minute points 
whicb reveal a structure resembling that of other foraminiferous forms, 
as for example Calcarina and NummidiUs,^ Figures and descriptions 
will soon be published by the Geological Survey. 

Large portions of the Laurentian limestones appear to be made up of 
fragments of these organisms, mixed with other fragments which suggest 
comparisons with crinoide and other calcareous fossils, but cannot be dis* 
tinctly determined. Some of the limestones are more or less colored by 
carbonaceous matter, whicli Dr. Dawson, faa« found to exhibit under the 
tnicroscope evidences of organic structure, probably vegetable. 

In this connection it may be noticed that Mr. Sterry Hunt, in a paper 
presented to the Geoiogieal Society of London, in 1858, (see also thit 
Journal^ [2], xxxi, 2963 insisted upon the presence of beds of iron-ore, 
metallic sulphurets and graphite, in the Laurentian series as *^ afibrding 
evidence of the existence of organic life at the time of the deposition of 
tiiese old crystalline rocks.** 

It was stated in the Oeofogy of Canada^ p. 8^0, {and also in thisJour' 
na/, [2], xxxvi, 228,) that these oldest known stratified rocks, constituting 
the great Laurentian system^ are probably to be divided into two uncon- 
formable groups. Subsequent examinations during the past year have 
furnished additional evidence that what we have called the Labrador series 
rests unconformably upon the true Laurentian series^ It is the limestones 
of this latter and more ancient di^rision which have afforded the Foramin- 
ifera noticed above. 

7. On placiers and other phenomena connected with the Himalayas ; 
(Proc. Roy. Geog. Soc, Jan. 1804.) — Dr. Falconer, after describing the 
progress of the Trigonometrical Survey in India, next drew attention to 
the glacier system of the Himalayas. All the best observers — Dr. Thom- 
iBon, Jacquemont and others — had been of opinion that there was but 
one great system of mountains. There was n6 such thing as any break 
of mountain-range, or any distinct mountain-chains. There were great 
rivers which cut them across, rivers like the Indus, the Sutlej, and some 
feeders of the Ganges; but, regarded in one grand aspect, they constitu- 
ted a series of mountains with ravines and valleys intervening. Viewed, 
then, in this light, there were two great ranges which culminated to espe- 
cially great altitudes, and which bounded the Indus river to the south 
imd to the north ; and this being one of the points where the Himalayan 
chain attained its greatest altitude, diere the glacial phenomena were 
developed in the greatest grandeur and upon tbelofUest scale. The paper 
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referred to that part of the range which bounded the valley of the Indus 
upon the north, the Kara-Korum, or Mooz-tagh, or the '* Icy range of 
mountains,'^ and the other great series of them were the mountains which 
bounded the Indus upon the south. Although the glaciers upon the Shi- 
gar valley and in the valley of Bialdoh, which he himself had visited in 
1838, were of such surpassing grandeur and importance, as bad been 
mentioned by Sir Roderick Murchison, it was but fair to say that upon 
the northern side there were glaciers which, so far as description went, 
were equally grand, if not grander. Those to which he should especially 
refer were the glaciers at the head of the Zanscar river. Mr. J. A. Arrow- 
smith was well acquainted with the mountain-ridge to which be referred 
and the glaciers which arose from it There was a river called the Che- 
nab, and a mountain-range which stretched across between the Indus and 
the Chenab. The pass of the dividing ridge at this point was 18,000 feet 
above the level of the sea ; and upon either side, but more especially upon 
the north, at the head of the Zanscar river, were some of the grandest 
glacier phenomena to be seen in any part of the world. There were gla- 
ciers extending from a very great distance, and having enormous width, 
and which, until the description that had been given by Capt Austen, 
had been unrivalled by any glacial phenomena with which they were ac- 
quainted, except the glacial formations in the Arctic regions. 

With regard to the glaciers upon the north, the Indus ran through a 
flat country westward, receiving from the north three great branches; 
the first branch, called Sha-Yuk, from the Kara-Korum, next the Nuhra 
river, and also the Sbigar, which was the especial object of Oapt Godwin- 
Austen's communication. Now, the Shigar valley was the third of im- 
portance of all the affluents of the Indus, and was bounded by mountains 
of great elevation. Some of them which had been measured by Captain 
Montgomery attained a very great elevation ; one a height of 28,000 feet 
above the level of the sea. This naturally entailed a prodigious amount 
of condensation of the moisture of the atmosphere, and led to a very 
heavy fall of snow, the consequence of which was great glacial phenom- 
ena. Twenty-seven years ago he had been up to Arindoh, the extreme 
termination of the western or Basha branch, and from that point he got 
across upon the other valley by the Scora-la Pass to the glacier of the 
Bialdoh river, where he saw all the phenomena which had been described 
by Capt Godwin-Austen. Having premised this much with 'regard to 
special details, there were one or two points which he was desirous to 
bring before them. One was. What were the peculiar characteristics of 
the Himalayan mountains, as well as of all tropical mountains, as com- 
pared with our European mountains? There was one characteristic of 
the Himalayan chain so remarkable that he should take the liberty of 
explaining it. He presumed that most of his audience had visited either 
the northern or southern side of the Alps ; and those who had been in 
the plains of Italy, along the valley of the Po, were well acquainted with 
the numerous lakes which jutted out from the Alps into the plain of Italy. 
Commencing on the west there were the Lago d'Orta, the Lago Maggiore, 
the Lago di Lugano, the Lago di Como, the Lago dTseo, and the Lagodi 
Garda ; in fact, wherever a great valley projected itself from the chain of 
the Alps at right angles to the strike of the chain, there was, with one ex- 
ception, a great lake. Regarding these lakes in a general way, without 
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reference to detailed phenomena, tbej found one thing which was constant 
about them — " they were invariably narrow, and some forty or fifty miles 
long, as notably in the case of Maggiore, Como, and Garda.'' The next 
remarkable thing about them was that they invariably radiated out at right 
angles to the strike of the great chain of the Alps. The Alps made a curve 
from the Pennine round to the Rhetian Alps. They would also observe 
that those lakes were severally fed by a great river which proceeded from 
a high ridge of the chain, and which was thrown forward into the plains 
of the valley of the Po. If they would regard the Himalayan mountains, 
or any tropical range of mountains whatever, in a similar way, they would 
find that these phenomena were invariably wanting. Great rivers, like 
the Indus, the Ohenab, the Sutlej and the Ganges, which passed through 
the Himalayan mountains and debouched into the plains of India, had 
valleys of infinitely greater importance than the valleys either to the north 
or south of the Alps ; but they were never connected with a lake. 

The question then arose. What was the physical reason of this great 
difference between the tropical mountains and those of temperate Europe ? 
Nearly thirty years ago, he was for ten or twelve years rambling about 
the Himalayan mountains along a stretch of SOO miles, and he used to 
open a map before him, and try to make out the comparative features of 
European and Eastern mountains. He looked to the numerous lakes to 
the north and south of the Alps ; and he would put the map of India 
alongside, where the same kind of rivers were debouching into the plains, 
but where there was an utter absence of the lakes ; and he used to puzzle 
himself in trying to discover a physical explanation of this difference. 
He was perfectly satisfied there must be some secondary conditions which 
were not common to the two. * * * There was the same kind of elevation 
above the level of the sea, the same kind of valleys, the same kind of 
fissures intersecting the valleys.-— What then was the explanation ? This 
he would endeavor to. indicate. About two years ago, as his friend Sir 
Roderick Murchison was aware, a paper was brought before the Geologi- 
eal Society of London, by Professor Ramsay, which excited a great deal 
of attention, and gave rise to a very animated discussion.^ The theory 
of the paper was that, as a general rule, lakes in all the temperate and 
cold regions of the world were the product of glacial excavation ; that is 
to say, that, wherever a glacier came down from a high ridge of moun- 
tains into a plain, it ploughed its way down from the solid rocks and 
carved out a great lake. This was the theory, or rather hypothesis, 
which Professor Ramsay put forward to explain the lakes which were so 
abundant in the valleys of the Alps. A similar speculation, but greatly 
more restricted, had been advanced by Martillet a short time before. He 
limited the action of the glacier to scouring out the silt of the filled up 
lake-basins, the origin of which he attributed to antecedent fissures, the 
result of upheaval. An application of this theory was made to the dif- 
ferent physical phenomena which were connected with the case ; and it 
occurred to himself and many others (and he believed Sir Roderick had 
an opinion in common with himself) that it was not adequate to ex- 
plain the phenomena ; and on the occasion when it was produced, he met 
It with the most lively opposition in connection with his own experience 
in the Himalayan mountains. The opposition which he gave to it was 

' See this Jooraalj [2], txxv, 324-846, May, 1868. 
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upon these grounds. Many of them if ould remember that the lakes lAzf 
gtore and Como were upon the edge of the plains of Italy ; that the gla- 
ciers — ^say that of the Ticino, which came down into the Lago Maggior«i 
— ^carae down along a steep incline, and was at last delivered into that 
lake, which was about fifty miles long, and otily eight or nine miles wide 
at its widest point. Its prolongation nearest to the Mediterranean at* 
tained a depth of about 2600 feet below the level of the sea ; that is tor 
say, it attained a depth of half a mile below the sea-level. Where the 
river escaped out of the lake it was not more than 600 feet above the 
level of the Bea. It was a remarkable point in the case that this glacier 
by the hypothesis should have ploughed its way down and actually dived 
into the bowels of the earth 2000.feet below the level of the Mediterra- 
nean^ and then should have again risen up along an incline at a rate of 
about 180 feet per mile. Without going into all the objections, he might 
state he believed the principal one was, that the mechanical difficulties ia 
the case were entirely left out of sight by the supporters of that theory; 
and on that o6casion, after very long study of the subject, he endeavored 
to bring forward what occurred to him as the true explanation of the dif- 
ference between the Himalayan mountains and the Alps. The difference 
he believed to consist in this : that, after the last upheaval of the Alps, 
great fissures, or basins of lakes, were left there, with rivers running into 
them, in the manner in which the Rh6ne runs into the lake of G^^neva, 
bringing down enormous quantities of silt, which, if you give a sufficient 
number of ages, would have completely filled them up^ But^ before this 
was accomplished, what is called the glacial epoch commenced ; that is 
to say, there was an enormous projection of ice and snow below the limit 
that they now saw it in the Alps, out into the plains, both to the north 
and south of that chain : and, as the snow and ice came down, they filled 
up those lakes and formed a bridge, upon which the moraine material 
was carried over, there being a certain measure of incline from the sum- 
mit of the Alps down to the plains of Italy. When once the basins 
were filled with ice to the depth of 2500 feet, they made, as it were, a 
slide or incline, upon which all the solid material could be transported; 
and that being carried forward by the vis matrix of the mass, formed the 
large moraine which we saw at Lake Maggiore, that of the Briauza, and 
also the moraine which bounded Lake Garda, where the battle of Solferi- 
no was fought. This was the secondary condition that occurred in Eu- 
rope. Precisely the same primary conditions occurred in the great val- 
leys of the Himalayas, but without the same glacial phenomena. These 
mountains were thrown up above the level of the sea, and vast perpen- 
dicular fissures were left, forming what were at that time the basins of 
lakes. But in those tropical regions the ice never descended from the high- 
est summits down into the plains of India; and, instead of being filled 
up by snow, which afterwards melted into water, these lake-basins were 
gradually silted up by enormous boulders and alluvium of every kind, 
which were brought down by rivers from the Himalayan mountains. The 
difference in the two cases was, that, whereas the ice filled up the lake- 
basins in the Alps, constituting, as it were, the conservative means bj 
which those lakes were saved from being silted up by alluvial and other 
matters, in the Himalayan mountains this conservative action did not 
take place, and the lake-basins 'remaining open were filled up in the man- 
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ner mentioned. If they would look at the map of the Himalayan moun- 
tains, one of the most remarkable things they would observe on the 
southern side of the chain was, that there were no great lakes whatever 
— not one that would compare with Lake Lugano, or with any of the 
second or third-rate lakes in the Alps. But, if they crossed to the north- 
ern side of the chain, where the temperature was much colder during 
the winter, there they would find great lakes. The cold produced the 
samij conservative action on the northern side of the Himalayas, in pre- 
venting the lakes being filled up, which it did in the Alps by restricting 
the silting action. 

The next point was one of some interest and importance. There was 
a material well known in commerce and arts called borax, now largely 
employed in ceramic products. It used to be got only from India as an 
export from Thibet, and it was invariably found in connection with hot 
springs. Within the last twenty years, a remarkable change had taken 
place. The late Count Larderelle, an original-minded and eminently 
philanthropic Frenchman, of Leghorn, aware of the presence of boracio 
acid in the jets of steam which are emitted from the surface of the bro- 
ken soil in the ravines of Monte Cerboli, on the margin of the Maremma 
of the Volterra in Tuscany, hit upon the happy idea of utilizing the nat- 
ural heat in lieu of fuel to eft'ect the process of evaporation. * * * An 
unbounded supply of boracic acid was the result. As a consequence, the 
borax of Thibet fell in value from 37/. or 401. a ton to nearly half that 
price, until at length borax was exported from England at the rate of 
101. per ton to displace the native article from the bazaars of India. In 
Thibet the mineral is biborate of soda, which in many places abounds in 
the soil : while in ftaly it is boracic acid. For the best account of the 
Himalayan region he would refer to Dr. Thomson's * Travels in Thibet.* 

Henry Colebrook, the first who, along with Colonel Crawford, meas- 
ured the heights of the Dwalagiri, procured from the plateau of Chan- 
than in the Himalayas, at a height of 17,000 feet above the sea-level, 
fossil bones, which were brought down and exported as charms into India, 
to which the natives attributed a supernatural origin, and called them 
" lightning or thunder bones." At the present time, during eight months 
of the year, the climate differed in no important respect from uiat of the 
Arctic circle, and in the whole of the district there was not a single tree 
or shrub that grew larger than a little willow about nine inches high. 
The grasses which grew there were limited in number, and the fodder, in 
the shape of dicotyledonous plants, was equally scarce. Yet, notwith- 
standing this scantiness of vegetation, largo fossils were found of the 
rhinoceros, horse, buflfalo, antelope, and of several Carnivores — species in- 
dicating that, at no very remote period of time, a plateau in the Hima- 
layan mountains, now exceeding three miles above the level of the sea 
and Arctic in climate, had then such a climate as enabled the rhinoceros 
and several subtropical forms to exist. It would occupy too much time 
to explain the details of this complex phenomenon. He would briefly 
state that the only rational solution which science could suggest was 
that, within a comparatively modern period, a period closely trenching 
upon the time when man made his appearance upon the earth, the Hima- 
layas had been elevated 8000 or 10,000 feet. 
Am. Jour. Sol— Second Sbribs, Vol. XXXVII, No. 110.— Maboh, 18W. 
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IV. BOTANY. 

1. Nomenclature. — Tho propositions for the improvement of zoologi- 
cal nomenclature, made to the British Association at its twelfth meeting, 
in 1842, by an influential committee, are well known. They were essen- 
tially limited to zoology mainly for the reason, which is undoubtedly true, 
that botanical nomenclature stands in much less need of distinct enact- 
ment than zoological. At the recent New Castle meeting the coramit- 
tee on this subject was reconstituted, and instructed "to report on the 
changes which they may consider it desirable to make, if any, in the 
rules of nomenclature drawn up at the instance of the association by 
Mr. Strickland and others, with power to reprint these rules, and to cor- 
respond with foreign naturalists and others on the best means of insuring 
their general adoption." "Accordingly the rules, as originally circulated, 
are now reprinted [i. e. in the Edinburgh New Philosophical Journal for 
Oct. 1863, p. 260 et seq.], and zoologists are requested to examine thera 
carefully, and to communicate any suggestions for alteration or improve- 
ment, on or before the first. of June, 1864, to Sir William Jardine^ Barl^ 
Jardine Hall, by Lockerby, N. B^ 

As most of the propositions are from their nature equally applicable to 
botany, and as the new committee comprises the names of four botarists, 
extremely well selected, it is obvious that the improvement of nomencla- 
ture of genera and species in natural history in general is contemplated. 
We feel free, therefore, to make any suggestions that may occur to us 
from the botanical point of view. 

First, we would recommend that " the admirable code proposed in the 
Philosophica Boianica of Linnaeus," — to which, "if Zoologists had paid 
more attention . . . the present attempt at reform would perhaps have 
been unnecessary," — be reprinted, with indications of the rules which in 
the lapse of time have become inoperative, or were from the first over 
nice: ex qr. 222, 224, 225, 227, 228, 229, 230, etc., most of which are 
recommendations rather than laws. The British Association's Commit- 
tee has properly divided its code into two parts, 1. Rules for rectifyinor 
the present nomenclature : 2. Recommendations for improving the no- 
menclature* in future. The laws all resolve themselves into, or are conse- 
quences of the fundamental law of priority, "the only efiectual and just 
one." 

Proposing here to comment only upon the few propositions which 
seem to us open to doubt, we venture to suggest that the " § 2. The bi- 
nomial nomenclature, having originated with LinncBus, the law of priority 
in respect of that nomenclature, is not to extend to the writings of antece- 
dent authors,''^ is perhaps somewhat too broadly stated. The essential 
thing done by Linnaeus in the establishment of the binomial nomencla- 
ture was, that he added the specific name to the generic. He also re- 
formed genera and generic names; but he did not pretend to be the in- 
ventor or establisher of either, at least in Botany. This merit he assigns 
to Tournefort, in words which we have already cited in this Journal (vol. 
XXV, p. 134); and he respected accordingly the genera of Tournefort, Plu- 
mier, <kc., taking only the liberties which fairly pertained to him as a 
systematic reformer. While, therefore, it is quite out of question to 
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supersede established Linnaean names by Tournefortian, we think it only 
right that Tournefortian genera, adopted as such by Linnseus, should con- 
tinue to be cited as of Tournefort. 80, as did Linnaeus, we prefer to write 
Jasminum, Toum., Circaa, Tourn., Rosmarinus^ Tourn., Tamarindus^ 
Tourn^ etc. Indeed, it is not fair to Linnaeus to father upon him generic 
names, such as the last two and many more, which Linnseus specially 
objects to, as not made according to rule. Specific names, of cource, can- 
not antedate Linnseus, even if the descriptive phrase of the elders were 
of a single and fit word. 

"§10. A name should he changed which has before been proposed for 
some other genuM in zoology or botany^ or for some other species in the 
same genus, when still retained for such genus or species,^^ The first part 
of this rule is intended, we presume, to be the equivalent of N^o. 230 of 
the Philosophia Botanica : " Nomina generica plantarum, cum zoologo- 
rum et Lithologorum nomenclaturis communia, si a Botanicis postea as- 
sumtcty ad ipsos remittenda «wn<." We submit that this rule, however 
proper in its day, is now inapplicable. Endlieher, who in a few cases en- 
deavored to apply it, will probably be the last general writer to change 
generic names in botany because they are established in zoology. It is 
quite enough if botanists, and perhaps more than can practically be 
effected if zoologists, will see that the same generic name is used but 
once in each respective kingdom of nature. 

** § 1 2. A name which has never been clearly defined in some published 
work should be changed for the earliest name by which the object shall 
have been so defined,^^ Very well. And the good of science demands 
that unpublished descriptions, and manuscript names in collections, how- 
ever public, should assert no claim as against properly published names. 
But suppose the author of the latter well knew of the earlier manuscript 
or unpublished name, and had met with it in public collections, such 
name being unobjectionable, may he wilfully disregard it? And as to 
names without characters, may not the affixing of a name to a sufficient 
specimen in distributed collections (a common way in botany) more surely 
identify the genus or species than might a brief published description f 
Now the remarks of the Committee, prefixed to § 12, while they state 
the legal rule of priority, do not state, nor in any way intimate, that a 
wilful disregard of unpublished names, especially of those in public or 
distributed collections, is injurious, dishonorable, and morally wrong. In 
the brotherhood of botanists, it should be added, custom and courtesy 
and scientific convenience in this respect have the practical force of law, 
the wilful violation of which wonld not long be tolerated; and the distri- 
biftion of named specimens, where and as far as they go, is held to be 
tantamount to publication. 

As to the recommendations for the future improvement of nomencla- 
ture, in passing under review the ** Classes of objectionable names," we 
wonder that geooraphical specific names should have been objected to : we 
find them very convenient in botany and, next to characteristic names, 
about as good as any. Comparative specific names in oides and iBea, 
etc., are nmch used by botanists, and are often particularly characteristic. 
Specific namci derived from persons, used with discretion, and as far as 
possible restricted to those who have had to do with the species, as dift* 
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ooverer, deaeriber, Sec^ are surely unobjectionable. G-enSfic names de- 
rived from persons are, we agree, best restricted to botany, where, when 
appropriately applied, they are in good taste, if not too cacophonous. Ai 
to closely resembling names, in large genera it may sometimes be best to 
*'«all a species virens or vireicena^ when there is already a viridis. Ant- 
grams, like puns, if not cautiously handled and particularly well made, 
are intolerable. But what can be prettier, amoqg unmeaning naroea, 
than R. Brown^s Tellima ? Botanists will hardly agree that a good g** 
neric name which has been effectually superseded by the law of priority, 
should never afterwards be bestowed upon some other genus of some 
other order. '' It has sometimes been the practice, in subdividing an old 
genus, to give to the lesser genera so formed the names of their respective 
iypic4ii species." The Committee objects to this usage because the pro> 
motion calls for new specific names. To us it seems a natural and proper 
course, when the name of the species in question is substantive and QibeN 
wise fitting, — most proper when (to take a not uncommon case) one nsed 
generically in the first place by ante-Linnsean naturalists or herbalists. 

But the objection of the Committee is probably connected with a pe- 
culiar view which they have adopted as to the way of citing species which 
have been transferred to some other than the origmal genus. Here many 
jBOologists, and a few botanists, have been giving themselves much troabn 
and perplexity, as it seems to us, to little purpose. Take for illustratioa 
our Blue Cohosh, originally Leontiee t?ialictroide$ of Linnaeus, but after- 
wards, in Michaux^s Flora, taken as the ty])e of a new genua, and there- 
fore appearing as Caulophyllum ihalictroides. Now if we adopt the 
view of LinnsBus, to which he would probably have adhered had he lived 
till now, we write the name and the authofity thus :-^ 

Zeontice thalictroides^ Linn. 

(Syn. Caulophyllum thalictroides, Michx.) 

The abbreviated names of the authors appended stand in place of the fall 
reference, e. gr. Linn. Sp. PI. 1 , p. 448, and Michx. Fl. Bor.-Am. 1, p. 
205, tab. 21. If the other view be adopted, it stands, in fact: — 

Cauiophyllum tkalictroides^ Michx. 
(Syn. Leontice thalictroides, Linn.) 

But, fearful lest the original describer should be robbed of his due credit, 
it has been proposed to write, — 

Caulophyllum thalietroides^ Linn. This is not only an anachronism of 
half a century, but an imposition upon Linnaeus of a view which he had 
not and perhaps would not have adopted. To avoid such fatal objec- 
tions, it has been proposed to write Caulophyllum (Michx.) thalictroidfu^ 
Linn. ; which is not only " too lengthy and inconvenient to be used with 
ease aiad rapidity,'' but too cumbrous and uncouth to be used at all. And 
finally, the Committee propose to write, — 

Caulophyllum thalictroideSy (Linn.) (sp.), — 

which is scarcely shorter, or even to leave out the (sp.) The reader is thus 
to note that Linnseus originally gave the specific name thalictrotdes^ bat 
not the generic. Wlio did, must be otherwise ascertained. A pretty long 
experience convinces us that much confusion is risked or trouble ex- 
pended, and nothing worth while secured by these endeavors to put for- 
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ward the original rather than the actual application of a specific name. 
Ante-Linnaean nomenclature broke down in the attempt to eorabine spe- 
cific appellation with description. Here the. attempt is to connect it with 
the history oi its origin, which, after all, can be rightly told only in the 
synonymy. The natural remedy for the supposed evil which this mode 
<^ citation was to cure is, to consider (as is simply the fact) that the ap* 
peoded authority does not indicate the origin, but only the application at 
the time being, of the particular name, and so no one is thus robbed of 
bis due. The instructed naturalist very well knows the bibliography of 
species, or where to look for it ; the tyro can learn. 

^%G. Specific names should always be written with a small initial 
letter, even when derived from persons or places ;" — on the ground that 
proper names written with a capital letter are liable to be mistaken 
for generic. (But no naturalist would be apt to write the name of a 
species without that of the genus, or its initial, preceding.) Also, ** that 
all species are egual^ and should therefore be written all alike^ The 
question is one of convenience, taste, and usage. As to the first, we do 
not think a strong case is made out. If mere uniformity be the leading 
eonsideration, it might be well to follow the example of the American 
author who corrected Ranunculus Flammula Linn, and R, Cymbalaria 
Parsfai, into R,fiammulus and R. cymbal arius ! As to taste and usage, 
we sup|>ose there would be a vast preponderance against the. innovation, 
SO- far as respects personal names and those substantive names which 
Linn8Bus delighted to gather from the old herbalists, di^c, and turn to 
specific use, e. g.. Ranunculus Flammula, R, Lingua, R, Thora, R, Fi- 
€9ria, and the like. Adjective names of places and countries, Linnseus 
printed with a small initial, e; g., R, lapponicus, etc. DeCandolIe writes 
such names with a capital letter ; and this best accords with £nglish 
analogy, but has not been universally adopted, and probably will not be. 

^ § /^. It is recommended that in subdividing an old genus in future^ 
the nam£S given to the subdivisions should agree in gender with that of 
the original group. ^"^ The practical objection to this is, that old names 
should be revived for these genera or subgenera, if there be any applica- 
ble ones, which is likely to be the case in botany. a. a. 

2. Annales Musei Botanici Lugduno-Batavi, edidit F. A. Guil. Mi- 
^EL. Univ. Rheno-Trajec. Bot. Prof., Musei Bot. L. B. Director. Tom. 
\ fasc 1-4, pp. 1-128, tab. 1-4, fol. Amsterdam and Utrecht. 1863. 
1— Professor Miquel, still retaining his chair at the University of Utrecht, 
has succeeded the late Dr. Blume as Director of the Royal Botanical 
Museum at Leyden ; and that institution, where invaluable materials 
have been for many years accumulating, already begins to show the 
«fifects of his activity and good judgment. Four numbers of the present 
work, each of eight folio sheets of letter-press and one colored plate, have 
appeared during the year 1868; and the work is intended to be con- 
tinued at the rate of five numbers in a year; the price 3 florins each. 
The extent, character, and importance of this publication may be judged 
of from the following brief analysis of the contents of the four numbers 
now before us. 

First we have, from the indefatigable Prof. Miquel himself, a revision 
of the Araliacece of the Indian Archipelago, wilh an analytical conspeo- 
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tus of the known genera of the order, and the revision of certain genera, 
as, for instance, of Aralia (from which he again excludes Panax), An 
additional case of identity of peculiar N. E. American with N. E. Asian 
species, of much interest, is adduced, viz: that the Linnaean Aralia 
Chinensis, ArMandschuria Kegel, and the Japanese A.canescens Sieb.^ 
Zucc., are all referable to our own familiar A, spinosa ! Specimens from 
Georgia, collected by the late Mr. Boy rich, are provisionally named and 
described as A» Oeorgica Miq., and thus referred to the consideration of 
American botanists, as to whether it be a distinct species or not We 
find in our own collections no indications of a second species allied to A, 
^noia^ nor any specimens with such thin and coarsely toothed leaflets as 
in ours of A. Mandschurica, But the plant is so unmanageable in the 
herbarium, from the size of the leaves, drc, that a full suite of specimens is 
hardly to be met with. The view that the Ginseng of Tartary, the Hima- 
layas, and Japan is of the same species as the North American, is adopted. 

Secondly, the Ericaceai Japonicce are elaborated by Prof. Miquel. We 
are interested to find that a new Japanese true Cranberry is described, 
also one related to our Vaccinium ei-ythrocarpon of the Alleghanies, but 
with rudimentary dorsal awns to the anthers, thus still more bridging 
over the difference between Vaccinium proper and Orycoccun, Of the 
latter group, accordingly, Japan would seem to have not only V. Oxy- 
eoceus and V, macrocarpon^ which are associated in North America, but 
«ven a third species of the same type, and an analogue of our peculiar 
V» erythrocarpon, as well as a species which comes nearer to our Blue- 
berries than any other out of Eastern North America ( V. Smallii Gray), 
but still wants the false partitions which characterize ours. More inter- 
esting still, Chiogenea hispidula turns up in Japan ; but thus far only 
sterile specimens have been gathered. Two Azalens of the American 
type are described, with one of which A, Japonica Gray, is probably to 
be identified. Monofropa tiniflora now appears, as was to be expected, 
having been detected in the Himalayas. 

The EricaceoB of the Indian Archipelago, which follow, are of less in- 
terest to us. 

Fourthly, Filices, pratserlim IndicoB et Japonica^ are described by Pro- 
fessor Mettenius, but thus far only Oleicheniacea and Cyatkeacea, 

Fifthly, the Equine tare a, by Dr. Milde of Breslau, prefaced by a suc- 
cinct conspectus of all the known species, only twenty-six in number, 
arranged according to tl:eir affinities, and followed by a particular ac- 
count of the many varieties of several species. 

Sixthly, by Pr^f. Miquel we have Ampelldea Nova, with an arrange- 
ment of Viiis (including Cissvs, AmpelnpsiM^ and P tert-^anthm)^ umler 
seven sections, and a critical view of the Indian and Japanese species, 
with several American. Prof. Miquel ci»nfi»nis the identification of Vilit 
Lahrvsca of Thunberg (Japan) with our V. Labrusca, 

Seventhly, Adnotationea de Capnlifens^ by the same author. Ninety 
species of Quercua are annotated or enumerated, and two genera pro- 
pounded, without admitting which it is declared that Qucrcus and Cos- 
tanea cannot be kept apart, viz : Callaocarpus, of two Sumatran species, 
and Castanopsis of Don (as a section of Quercua) j of numerous species 
variously regarded as Oaks or Chestnuts. 
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Eighthly, the Araeea, by Dr. Schott, the renowned monographer of 
the order* A sheet or two of the first part ends the No. 4 of these in- 
terest! njr Annales. a. g. 

3. MartiuSy Flora Brasiliensis : fasc. 83-36. July, 1863. — These fas-* 
cicuH form a volume of no small interest. They comprise the Brazilian 
EtiocaulacecB by Koernicke, the Oneiacece by Tulasne, the CycadaecB an,d 
Coniferoe by Eichler, and the JSricacece by Meisner. 

Of these the Eriocaulacece only are. uumerofis in species. They here 
occupy almost 250 pages of letter-press, illustrated by 26 plates. Brazil 
18 the head-quarters of this remarkable tribe, claiming 210 out of the 
326 recorded species, and 184 species of its largest genus, Pcepalanthus ; 
while of its most cosmopolite genus, Eriocaulon^ it is second to India* 
Indeed, the Brazilian empire, with the tropical regions to the north of it 
np to the Isthmus, contains almost three-quarters of the known species, 
and members of all of the six genera, except Lachnocaulon^ of the south- 
ern United States. All the Eriocauloneoe. belong strictly to the eastern 
side of the American continent; and those of the Old World are almost 
equally oriental.- The only European one, our Eriocaulon septanffulare^ 
seems as if a waif from North America, and probably was so; while the 
greater part of that genus is to be found in India and further east, three 
species reaching westward to Zanzibar and Abyssinia, three to Bourbon 
and Mauritius, and four to Madagascar. On the western coast of tropical 
Africa there appear to be ^y^i species of Erioravlon, and at the Cape 
three more, accompanied by a solitary PcFpalan/kus^ an otherwise wholly 
American genus, with the exception of a single out*(>f the-way species at 
the Isle of Bourbon. The little genus Memnthemum^ in character inter* 
mediate between Poepolanlhus and Eriocaulon^ consists of three species, 
one in Brazil, one in Sierra Leone, and one in Madagascar. LachnocaU' 
UnL, a3 already noticed, belongs to the Southern Atlantic United States. 
The two remaining genera, Tonina^ of a single species, and Philodice^ of 
two species; are confined to Brazil and adjacent districts. The Brazilian 
species appear to have been faithfully elab<^rated by Koernicke, who has 
also furnished the excellent analyses which enhance the value of the nu* 
merous plates. 

The Brazilian Gnelaceat, elaborated by Tulasne, comprise 7 species of 
Gnetum and 4 of Ephedra, The gymnospermous view is adopted, Ephe- 
dra being descrilied as having an ovule with a single coat, the apex of 
which is produced into a styliform tube, Gnetum with two coats, the 
inner prolonged into an exserted tube. 

The Cycadea^ contributed by a new collaborator. Dr. Eichler, are 
merely two species of Zamia, both of which are figured. 

The Coniferce^ by the same author, as to the Brazilian flora, include 
only one Araucaria and two species of Podocarpvs^ all three most elabo* 
rately illustrated by figures, as also is Cupressus Lusitanica, an oriental 
Cypress, planted in Brazil. The interest of the article lies in a conspectus 
of an arrangement of the order, and in an Excursus Morphologicus on 
the structure of the fiowers in Gymnospermce, Dr. Eichler's arrange- 
ment throws the Taxodim<B as well as Araucarieoe into the suborder 
Pinaceo!, the former being supposed to have two superposed scales cott« 
lescent into one ; the laiter to have the proper carpellary scale obedete. 
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* 
The tribe Araucdriece is characterized hf multilocular antbeniy the edb 
linear and hanging free, cupressaceous (i. e., simple and globose) polUil, 
simple scales to the female ament [which appear to answer to bracts and 
not carpophylls], inverted ovules, and naked buds. 

The tribe Abietinece, by bilocular anthers, with oblong and separate 
cells, pinaceous (rarely cupressaceous) pollen, double and separate scalei 
to the female ament, inverted ovules, and scaly buds« 

The tribe CumiinghanfiecB, by the 2 or 3 short cells to the anther^ 
cupressaceous pollen, double scales to the female ament (tbe inner one 
smaller) but completely or incompletely coalescent into one body, inverted 
ovules, and mostly naked buds. To this tribe our author doubtfully 
refers Seqtioia! 

The tribe Taxodinece^ by the d-5-locular anthers, with roundish app<h 
site cells, cupressaceous pollen, the scales of the fertile ament doubloi 
nearly equal, and coalescent, or their tips free, the ovules erect, and the 
buds naked. 

The suborder Cupressacece in this ar|;angement consists of only one 
tribe, CuprMsinecBf with the usual characters, and including three sub* 
tribes, founded on the nature of the ament, — strobilaceous and closed, of 
peltate scales in the true CupressineoBy strobilaceous but uot peltate in 
ActinostrobecB (of which Thuja is the Linneean type), galbulaceous in 
JuniperincB^ and of free erect scales in Diselmece (Diselma Hook. f.). 

The suborder TaxacecB has four tribes ; all but one with bilocular an- 
thers; the DacrydieoB with pinaceous pollen, an orthrotropous or rarely 
subanatropous ovule with its two integuments separate, and naked buds; 
PodocarpecB, with its pinaceous pollen, an erect anatropous ovule, tbe 
integuments of which are coalescent; Taxeop, with an anther of three or 
more cells, cupressaceous pollen, orthotropous erect ovules, scaly buds; 
and linear leaves; Salisburyeoe, differing from the last in the bilocular 
anthers, and the dilated fan-shaped leaves (in the Ginkko) or with tbe 
leaves reduced to teeth and phyllodineous expansion of the branches 
taking the place of foliage (in Phyllocladus). 

The Excursus Morphologicus^ without much striking novelty, is a very 
clear and cogent morphologicHl disquisition upon the structure of the 
flowers of the GymnospermoB. No good abstract can be now given with- 
out entering into the history of various recent discussions, — for which 
we are not yet ready. Suffice it to say, at present, that* Dr. Eichler con- 
vincingly defends the gyninovspermous doctrine, impugned by Agardh, 
Baillon, and Pailatore, and adopts and fortifies A. Braun's view that the 
inner or ovuliferoUvS scale in the Abietin£oe is a metamorphosis of an 
axillary diphyllous (in Pinus^ or in Cryplomeria^ ^c.^ a 2-5-phyllous) 
shoot, the axis of which is undeveloped, and the leaves or scales united 
into one. Establishing the foliar nature of tbe carpophyllous scales^ 
whether simple and of the first order, as in Cupressinece, or of the second 
order and more or less compound, as in Abietinece ; and also settling it 
that each antheriferous scale, however many anther-cells it may bear, an- 
swers to one leaf and therefore to one stamen, he first compares Conife^ 
ous flowers with those of Cycadecs^ where he cannot doubt that the scales 
or leaves themselves bear the ovules ; and so he naturally infers the same 
of the ovules of Abietinece and Cupressineoe (according to the Brunonian 
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▼iew) ; while the ovule of Taxaa, Ac, as in Gneiacea, is regarded as a 
direct metamorphosis of the axis. But, having settled that Uie whole of 
a simple male catkin of a Conifer, consisting of few or many stamineal 
leaves, developed in regular phyllotaxis on a simple axis, must logically 
be held to constitute one male flower (under which view the androecium 
of Dammara and Araucaria neatly horaologizes with Cycadece), it fol- 
lows that the whole female catkin of a Cupressinea would equally con- 
atitute one flower, while in a Pine or Fir each ovuliferous scale, and tn a 
Tew, the ovule itself would be a flower. Unwilling to accept such a con- 
clusion, which makes the ament of a Conifer in one case an inflorescence 
and in other apparently quite 'similar cases a single flower, Dr. Eichler 

Copounds in.stead the idea that the female scales are not carpophylls, but 
acts, not themselves really ovuliferous, but with ovules borne in their 
axils — as they evidently are in Podocarpiis sec. Stachycarpus, and not far 
from it in most Cupressineag, — although often ad n ate to their face. Each 
ovule, accordingly, is a flower, in all Coni/erce with simple scales ; and this 
view is extended even to Taxus and Torreya, the ovule or flower of which 
is concluded to be only quasi-terminal. The female flowers, or ovules, in 
all the above cases are ^^primo gradu axillares^^^ But in Ahietinea, and 
in whatever other Conifer<B have their fruitful scales in the axil of a 
bract, the flowers or ovules are ^'secundo gradu cucillaresy The female 
flower in all Coni/ercB, accordingly, is concluded to be an ovule, and this 
is the metamorphosis of a lateral axis; while the leaves of a primary 
axis are metamorphosed into stamens. The latter we see frequent con- 
firmation of in monstrous catkins of Abies, where some of the subtendifrg 
bracts become polliniferous. 

One good inference which Dr. Eichler draws from these morphological 
conclusions is that the Coni/era constitute but one natural order, equiva- 
lent to €hneiace<By the highest of Gymnosperms, and to Cycadea^ the 
lowest The latter, in view of their analogies to Ferns and their simple 
foliar metamorphosis, he regards as the '' archetype" or rather primordial 

S^ of Phsenogams: while in the Conifera^ which are analogous to 
eopodiacea as Cgcadea are to Ferns, the metamorphosis affects the 
axis as well as the leaves. At*length in Onetacea a perianth and even 
atmcturally hermaphrodite flowers appear, realizing — though still on the 

grmnospermous plan — the floral type of ordinarv Phsenogamous plants. 
r. Eichler has studied and appreciated Dr. Hooker*s paper on the won- 
drous Welwitsehia, of which we gave some account in vol. xxxvi, p. 433, 
^BC What a pity this beautiful *' synthetic type" did not come to light 
in paleozoic botany I 

Finally Dr. Eichler adopts the view of Brongniart, that the Gymno- 
sperms constitute a true natural class, intermediate between Cryptogams 
ami Angiosperms. No new reasons are adduced in support of this view; 
but on the whole it must be admitted that the grounds for the maintain* 
tnce of Gymnosperms as a peculiar type or class grow stronger ; although 
we could not say with propriety that they are intermediate between 
proper Phaenogamous and Cryptogamous plants. 

The Brazilian Ericac€<B^ elaborated by the practised hand of Meisner, 
are chiefly rich in VaccinecRj and especially in Chglussacia, of which, 
aflter large reductions, Prof. Meisner enumerates 86 Brazilian species. 
Am. Joub. Soi.— Sbcond Ssribs, Yol. XXXVII, No. 110.— Maboh, 1864. 

37 
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Much as this tribe luxuriates in these regions^ it appears not to fumiili 
esculent fruit, as in our cooler northern regions. Of the proper Eridma 
the largest genus is Leueothae, with 23 species. There are do PyroUOf 
and no Monotrope<B known as yet in the Brazilian Empire ; but ifono- 
tropa unifiora occurs as near as the southern part of New Granada. 

A. o. 

4. Species Genera el Ordines Algarum ; auctore Jaoobo Gsobgio 
Agardh. Vol. II. pars 3 : 2. Lund, 1863. pp. 787-1291. 8vo.— We 
have had the gratification of receiving another and large instalment of 
this classical work. It comprises Agardli's Ordo XVI, i^kxfome/ece, con- 
sisting of seven tribes and thirty-three jo^enera. Among them is an Aoi- 
tralian genus, of two species, named Cliftonia by Harvey, — a name \ox\g 
ago pre-occupied in Pliienogamic Botany. Tiie work is as excellent in 
typography and arrangement as it is in scientific character. A. a. 

5. Phycologia Australica ; a History of Australian Seataeeds. — ^We 
take this opportunity to announce that Professor Harvey lias completed 
this, perhaps the most beautiful and one of the most important of his 
unrivalled illustrated works. It forms five volumes, royal Svo, containing 
300 colored plates. It is published by Lovell Reeve & Co., and costs in 
London a little less than £8. a. o. 

6. Thesaurus Capensis, <fcc. Vol.11, No. 1, 1863. — Professor Harvey, 
in the midst of indefatigable labors both in Algology and upon the Gape 
Flora, has found time to bring out during the past year the first part of 
a new volume of this illustrated work, containing plates 101 to 125 in- 
clusive. The lithography is better than ever; and several of the plates 
are devoted to subjects of curious interest; five or six illustrate remarka- 
ble Orchids, and one exhibits an extraordinary Pelargonium with its 
petals slit up into fine shreds. Montinia acris is figured, and tbe fact 
mentioned that it has three-cornered pollen, so that it really belongs to 
the Evening-Primrose family after all. a. o. 

7. The Plants indigenous to the Colony of Victoria ; described 6y 
Ferdinand Muller, Ph.D., M.D., F.R.S., <kc Vol. I, Thalamiflofa. 
1860-1862. pp. 242, roy. 4to, with 23 plates. — When, in the number 
for September last, we noticed the Flora Auslraliensis, with which Dr. 
Muller is so honorably and usefully connected, we had not yet received 
our copy of the present publication. This is the first volume of a more 
detailed flora of Victoria Colony, with full ordinal, generic, and specific 
descriptions, and many critical observations; also with a considerable 
number of well-designed plates, executed in the Colony in a very hopefiil 
manner. It is published by the Colonial Government, which appears to 
have been always ready to promote worthy scientific investigations. 
And we trust it will be carried to completion, notwithstanding the more 
comprehensive Australian Flora. . a. o. 

8. Notice sur les Plantes de Michaux $t sur son Voyage au Canada 
tt a la Bale d^ Hudson, d*apres son Journal tnanuscrit et autres docu- 
ments inedits ; par T Abb6 Ovide Brunbt. Quebec. — The professor of 
Botany in the Laval University, Quebec, makes an appropriate d^l in 
this interesting publication. It is a study of the botanical explorations 
and journeyings of the elder Michaux in Lower Canada and, by way of 
the Sagjuenay River and Lake Mistassius, nearly to Hudson's Bay. 
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While pursuing botanical studies at Paris, Prof. Brunei had noted with 
care, all the Canadian stations, in the herbarium of Michaux, and since 
his return he has been able to retrace every step of this hardy explorer 
and pioneer by means of his manuscript journals preserved by the Amer- 
ican Philosophical Society at Philadelphia. Attention was first called to 
this interesting manuscript, and an abstract given, in our vol. xlii (old 
series) about twenty-two years ago, — chiefly refen-ing, however, to Mi- 
chaux's explorations in the Alleghanies of the Southern States. In the 
present article we have a full account of the northern exploration, in the 
Bummer and autumn of 1792, with lists of some of (he principal plants 
collected at each station, and useful notes upon the geographical distribu- 
tion or range of the forest-trees of the region. 

Ufion AJichaux^s remark that the Oaultheria procumbens disappears 
about ten leagues above Lake St John, Prof. Brunet adds a foot-note 
relative to the name of the physician of Quebec to whom Linnaeus or 
Ealm dedicated this well-known plant. Kalm wrote the name GauUkier; 
hence Gaultheria. But, relying upon the French Academy of Sciences, 
in a volume of whose memoirs the name is written Gautier, Endlicher 
changed the orthography of the genus to Gautiera, Others have plau- 
sibly conjectured that his name was Gualthier or Gualtier, hence Gual- 
thieria or Gualtiera, But Prof. Brunet has settled the matter by refer- 
ring to the registers of the parish o{ Notre- Dame de Quebec (e. g., I'Zol, 
Aug. 26), where the signature of this physician is found, written Gaul- 
tier, Gaulteria or Gaultheria, the original form of the generic name, is 
therefore not much amiss, and scarcely needful to alter ; although Gaul* 
Uera would be more correct, and may at length be made to prevail. 

A. a. 

9. Botany of N, W, America along tlu British Boundary, — Dr. David 
Lyall, the Surgeon and Naturalist of the British Commission for survey- 
ing this boundary, made a largo and important collection of dried plants, 
to the excellence of which we bear grateful testimony. In the. Pro- 
ceedings of the Linnsean Society, No. 27 (1863), we find an interesting 
account: 1. of the character and extent of this botanical collection, and 
of the distribution of the duplicates (a complete set being laid into the 
Hookerian herbarium) to various public museums and botanists — *^ those 
having been selected in which (according to the authorities at Kew) they 
ivould be most beneficial to science.*' 2. "The General Character of the 
Regions traversed,'' from the Cascade Mountains to the plains of the 
Saskatchewan, is detailed. 3. "The Botanical Aspects of the Regions 
traversed " is considered at some length. 4. " Notes on the Distribution 
of the principal Trees met with near the 40th degree of latitude, and 
the elevation to which they reached, between the Gulf of Georgia and 
the Rocky Mountains," contains interesting matter relating to the Con- 
iferce of that region. a. o. 

10. Ink-Plant {Coriarja ikymtfolia), — Prof. Jameson, of the Univer- 
sity of Quito, writes to Dr. Hooker, with ink consisting simply of the 
expressed juice of the berries of this Coriaria^ remarking that ho gene- 
rally uses this in preference to ordinary ink, as it is not so apt to corrode 
tlie steel pen. The writing is at first reddish, but turns black in a few 
hours. He remarks : " There is a tradition here respecting this vegeta- 
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ble juice that merito attention. It happened, during the Spanish admin- 
istration, that a number of written documents, destined to the mother 
country, were embarked in a veMel and transmitted round the Cape. 
The voyage was unusually tempestuous, and the documents got wetted 
with salt water. Those written with common ink became nearly illegi- 
ble, whereas those written with * Ohauchi ' (the name of the juice) re- 
mained unaltered. A decree was thereupon issued that the Government 
communications should in future be written with the vegetable juice. I 
do not vouch for the correctness of this statement, but 1 have constantly 
heard it repeated from different sources.** — Jour, of Proceed, Linn, Soe^ 
No. 27. 

1 1. Botanical Necrology for the year 1863. — Biographical notices have 
already appeared in this Journal of the lamented Dr, Sharif who died 
on the Yth of March, and of Dr, Darlington^ who died on the 23d of April 
last. The year 1863 has closed without farther additions to our home 
list. Of European botanists we have to record only the following : — 

ProfeMsor Martin Martens^ of the University of Louvain, who, in con- 
nection with Galeottii, published the collections of the latter in Mexico. 
He died Feb. 8, at the age of 75 years. 

Dr, Christian von Steven^ who botanized in the Caucasus many yean 
ago, published several memoirs, and whose name is well known in con- 
nection with the Bussian flora. He died at Sympheropol, on the I7th 
of April last year, at the venerable age of 91 or 92. 

Prof C, H, B, Alfred Moquin-Tandon^ recently of the Faculty of 
Medicine at Paris, formerly Professor of Botany at Toulouse. He wm 
a pupil of Dunal at Montpellier, and one of the earliest to take up the 
theory of deduplication^ which he maintained in his inaugural thesis at 
Montpellier, published in 1626. His principal botanical writings (for he 
wrote also upon zoological and other subjects) are his succinct mono- 
graph of ChenopodiaceiBy published in 1840; his admirable Elimenede. 
Tiratologie Vigitale, in 1841, and his elaboration of the Salsolacta 
{Ckenopodiacea), Amarantacea^ and the allied groups which mainly 
compose the second part of the thirteenth volume of DeCandoUe's Pro- 
dromus : — so that he was one of the foremost botanists of the day. 

And now with deep sorrow we have to add the name of 

Francis Boott, Jf.D., who died at his residence in London on Christ- 
mas mornings in the 7l8t year of his age. He was born in Boston, on 
the 26th of September, 1792. His father, Eirk Boott, came to thb 
country early in life, from Derbyshire, England, became a sucoessfnl 
merchant in Boston, was one of the pioneers of manufacturing ente^ 
prise here, and one of the founders of LoweU,^-the type, if not wholly 
the original, of New England manufacturing towns^ His Boston resi- 
dence was on the site now occupied by the Revere House, of which the 
Boott mansion forms a part. Francis Boott entered Harvard Universi^ 
in the year 1806, and took his Bachelor's degree in 1810. A year after, 
being then in his nineteenth year, viz., in the summer of 1811, he sailed 
for England, intending to enter a counting-room in Liverpool, as a prepa- 
ration for mercantile life. This plan^ however, was soon relinquished; 
and the three succeeding years were mainly spent with fajs relatives and 
their friends near Derby, where he made the acquaintance of Mrs. Hard- 
castle, his future mother-in-law, who was something of a botanist, and 
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where he formed both the scientific and social attachments which deter- 
mined the aims and secured the happiness of his whole after life. Re- 
turning to Boston at the close of the year 1814, he engaged with enr 
thusiasm in botanical pursuits, and amassed a good collection of New 
England plants. In the summer of 1816, he took a leading part in a 
botanical exploration of the mountains of New England, ascending, in 
the course of one journey, Wachusett, Monadnock, Ascutney, and Mt* 
Washington ; and, later in the season. Dr. Boott with his brother visited 
and ascended Moose-hillock. His companions in the extended and then 
formidable tour which culminated in the White Mountains — then to be 
reached only by a laborious journey of two days on foot — were Francis 
G. Gray, Judge Shaw, Nathaniel Tucker, and Dr. Jacob Bigelow, the 
Nestor of New England botany, now the sole surviving member of the 
party. An interesting account of the ascent of Mt Washington, written 
by Dr. Bigelow, was published at the time in the fifth vdiume of the 
New England Journal of Medicine and Surgery. 

In the year 1820 Dr. Boott crossed the Atlantic for the last time, and, 
proceeding to London, entered upon the study of medicine, under the 
direction of the late Dr. Armstrong. He continued his medical studies 
at the University of Edinburgh, where he took the degree of M.D. in 
1624. The next year he established himself in London, we believe in the 
very house in Gower street where he resided until the day of his death. 
He was soon associated with his near friend and former teacher in the 
work of instruction, becoming Lecturer on Botany in the Webb Street 
School of Medicine, where Dr. Armstrong was Professor of Materia Medica. 

** His lectures are said to have been admirable, both in matter and 
style, and to have excited much enthusiasm ; whilst his untiring efforts 
to promote the welfare of his pupils in other ways were so deeply and 
generally felt, that, on the eve of his too early withdrawal from the lec- 
tureship, they in one day raised a large subscription to present a testimo- 
nial to their friend and teacher; — a tribute .which, with characteristic 
modesty and consideration, was declined as soon as heard of. He was, 
however, afterwards persuaded to accept a collection of books instead, in 
remembrance of their grateful feelings and good will." 

The early death of Dr. Armstrong, cutting short a distinguished 
career, imposed upon his friend the duties of a biographer and expositor. 
Accordingly, after much preparation. Dr. Boott, in the year 1884, pub- 
lished two octavo volumes, entitled : *^ Memoir of the Life and Medical 
Opinions of John Armstrong, M.D. ; to which is added an Inquiry into 
the facts connected with those forms of Fever attributed to Malaria and 
Marsh Effluvium." He published, besides, in the year 1827, two Intro- 
ductory Lectures on Materia Medica, which give a good idea of his ex- 
cellence as a teacher. Although he did not continue in this career, his 
interest in medical and scientific education never abated. He was an 
active promoter of the establishment of JLondon University (now Uni- 
versity College), and was for more than a quarter of a century an influ- 
ential member of its Senate and Council. He was successfully engaged 
for some time in medical practice, and was for many years Physician to 
the American Embassy ; but he gradually withdrew from professional 
cares and toils to more congenial literary and scientific pursuits. As 
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early as the year 1810 he had become a Fellow of the Linnsean Sodety 
of London ; and aflerward», for llie last twenty-five years, he gave it con- 
tinuous and invaluable service as Secretary, Treasurer, or Vice President 

At one time it was thought tliat Dr. Boott might be recalled to his 
native country and to an active scientific life. Nearly thirty years ago 
he was offered the chair of Natural History in Harvard University, — 
a chair which had remained vacant since the death of Professor Peck 
in 1822, although its duties were for several years fulfilled by the late 
Mr. Nuttall. After Nuttall left Cambridge to explore Oregon and Cali- 
fornia, arrangements were made to endow the vacant professorship prop- 
erly in case Dr. I^tt would accept the place. Although the offer was 
declined, we have been told that he intimated a willingness to accept it 
if the chair were simply that of Botany ; and when informed that he 
might practically make it so, although the title was unchangeable, be 
insisted that he would not be called a professor of Natural History, while 
he could pretend to a knowledge only of Botany. 

Nearly thirty years ago, Dr. Boott began seriously to devote his ener- 
gies to the special work upon which his scientific reputation mainly rests, 
viz., to the study of the vast and intricate genus Carex, The first resnlt 
of these studies appeared in his elaboration of the Carices of British 
North America in Sir Wm. Hooker's Flora Boreali- Americana, published 
in 1840. Other papers upon Carices were contributed to the Transso- 
tions of the Linnaean Society, the Journal of the Boston Society of 
Natural History, &<;. As it had always been the greatest pleasure, 
we might say the business, of his life to assist others, so now friends 
and correspondents from all parts of the world hastened to place in 
hi« hands the fullest sets of their collections in this difficult genus; 
and he was able to study, in the unrivalled caricological collection 
he thus formed, and in the various public and private herbaria to 
which he had access, almost all of the 600 or more species which the 
genus was computed by him to comprise, to compare them in numeroos 
specimens of their various forms, and to examine them, group after 
group, with untiring and closest scrutiny. At length, early in the year 
1858, he gave to the world (literally gave to the world) the first volume 
of his great work, entitled Illustrations of the Genus Carex, a folio vol- 
ume with 200 plates, a<lmir«bly representing fibout that number of spe- 
cies. A very large ])ro|)ortion of them were North American species, in 
which he naturally alwaj's took a special interest. In the letter of dedi- 
cation of this work to his friend John Amoiy Lowell, Rsq., of Boston, 
Dr. Boott states that his original design *' was limited to the illustration 
of the Carices of North Americ«n," but that the large collections brought 
by Dr. Hooker from the East Indies, and placed in his hands for study, 
caused him to extend his plan, and to endeavor to illustrate the genus at 
large. With characteristic modesty he makes no allusion to the yean 
of labor and the large amount of money (savings from a moderate in- 
come by a simple mode of life) which the volume had cost him ; the 
drawings, engravings, and letter-press having been produced at his sole 
individual expense, and the larger part of the copies freely given away. 
Nor did he p«t forth any promise to continue the work. But in 18e0 
Part Second quiedy appeared, without a word of preface. This contains 
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110 platesi Two yean after, this was followed by Part Third, with 100 
plates, making 410 in all; and it is understood that the materials of a 
fourth volume are left in such forwardness that it may perhaps be pub* 
lished by his surviving family. 

Our own estimate of this work has been recorded in the pages of this 
Journal, as the successive volumes were received. The motto which the 
author placed upon his title-pages : — 

" The man who labors and digests things most, 
Will be much apter to despair than boast,** 

is felicitously expressive both of the endless difficulties of the subject, 
and of his undervaluation of his endeavors to overcome them. A most 
competent judge briefly declares that, — 

** This work is certainly one of the most munificent contributions ever 
made to scientific botany, besides being one of the most accurate; on 
which account it certainly entitles its author to take a much higher place 
amongst botanists than that of an amateur, which was all that his mod- 
esty would allow him to lay claim to.'' 

Dr. Boott's health, which had long been delicate, was much shattered 
in the winter of 1839-40 by a dangerous attack of pneumonia. ^From 
this time he had repeated slight attacks ; but no alarming symptoms oc- 
curred till June 1863, when the remaining lung gave way, and from that 
time he never fairly rallied. He died at his residence, 24 Gower street, 
on Christmas Day, — retaining to the last his faculties and all the charac- 
teristics of his most admirable life." 

Dr. Boott was a man of singular purity, delicacy, and goodness of char- 
acter, and of the most affectionate disposition. Few men of his ardent 
temperament and extreme sense of justie-e ever made less enemies or more 
friends. To the latter he attached himself with entire devotion. If there 
were any of the former, probably no man ever heard him speak ill of them. 
His published works suffice to place his name imperishably upon the 
records of science. But only his contemporaries and friends will know 
how much be has done to help others, and how disinterestedly and grace- 
fully that aid was ever rendered. He took with him to England, upon his 
return in the year 1820, a valuable herbarium of New England plants, 
especially those of the White Mountains, which were then rare and little 
known. He must have valued this collection highly, and have expected 
to use it. But he presented the whole of it to Dr., now Sir Wm. Hooker, 
when he saw how serviceable it would bo to him in the prepa**ation of 
the Flora Boreali- Americana, His British herbarium was long ago simi- 
larly given to a then young American botanist. Another who, twenty- 
five years ago, called to take leave of him upon returning to this coun- 
try, found, as he left, the seat of his cab loaded with choice botanical 
books, which Dr. Boott had at the moment sent there from the shelves of 
his own library, where they were not duplicates. We know of one or 
two instances where he had commenced a critical study of a particular 
genus with a view to publication, but, upon learning that another person 
had taken up the same subject, he despatched to him his own notes and 
other materials. The Linnsean Society of London owes no little of its 
present prosperity to his long and faithful services and his wise counsels. 
He kept up an active correspondence with his friends in this country ; 
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and for more than thirty years our young professional men, naturalists, 
and others who have visited Europe, have experienced cordial welcome 
and thoughtful kindness at his hands. The following gives a good idea 
of the man : — 

" When practising as a physician he discarded the customary black 
ooat, knee-breeches, and silk stockings, for the very good reason that 
sombre colors could not but suggest gloomy ideas to the aick ; and be 
was one of the first who adopted the custom, now universal in the pro- 
fession, of dressing in ordinary costume. In doing this Dr. Boott adopted 
the blue coat, gilt buttons, and buff vest of the period, which he eon- 
tinued to wear to the last, and with which dress his casual acquaintance^ 
no less than his personal friends, will ever associate him. In person be 
was so tall and thin as almost to suggest ill-health ; and the refinement 
of bis manners, his expression, address, and bearing were in perfect keep- 
ing with his polished mind and many accomplishments." 

The preceding extracts are all from an excellent article in the Garden'^ 
er's Chronicle for January 16, to which we are much indebted. In the 
first volume of the late l)r. Wallieh^s splendid Planta Aifiatien Rarioreif 
published in the vear 1 830, is the figure of a handsome and curious Bo- 
iomaceous plant, Boom a cokdata, a genus dedicated ^*tn honorem Fran* 
eisei Boott^ Americanly botanici ardentisiimi et periiisBtmij amid diUcUt' 
simi, non minus animi probitate quam scientiarum cultu, et morum ma* 
vitate egregii^^ a. o. 

Jacques Oay, — We have just heard of the death of this excellent man 
and botanist, but without details. The event must have been sudden, as 
we had news of him almost down to the close of the year. He was 
bom in Switzerland, was a pupil of Gaiidin, who bequeathed to M. Gay 
his herbarium ; but most of his years, which were little under fourscore, 
were passed in Paris. The weekly riunion of botanists in his modest 
apartments at the Peiii Luxembourg^ which has continued through a 
long life-time, is now done away ; and to botanists Paris will seem other 
than it was, without him. a. e. 

V. ASTRONOMY. 

1. Cornet /F, 1863. — ^This comet was discovered by M. Tempel at 
Marseilles on Nov. 5th. It was visible to the naked eye, shining as 
bright as a star of the 5th magnitude. It appeared as a condensated 
nebula, showing a tail about 2° long. The following elements were 
computed by Mr. H. Romberg. 

T = 1863, Nov. 9-49923, Greenwich m. t 
n = 94® 46' 10"'6 ) Apparent equinox 
a = 97 31 15 -2 f Nov. 13-5. 
» = 78 6 46 -5 
log. q =3 9-849148 
Motion direct 

The- following are some observations of this comet 

m. t. Lubeck. R. A. Dec. 

Nov. 19, 18»» 30™ 43»-0 18»> 19™ 82»'02 + 13*» 22' 2'''0 
20, 18 10 41 -0 13 27 46 -81 + 14 48 50 *2 



m. i €hre«nwidi« R. A« Dee. 

Dec. 8, 6* 16« 11* U^ 46« 86»'8 + 30** 16' 11" 

m. t Josephstadt 
Dec. 8, 5 48 50 15 46 9*04 +30 14 15*2 

This comet was seen during November and December by several per- 
sons in this country, having been visible to the naked eye, and by some 
was confounded with the comet discovered by Prof. Watson Jan. 9th. 

2. Comet V, 1863. — ^This comet was discovered on Oct. 9th by Mr. 
B&cker at Nauen. The following elements were computed by Mr« Her- 
maim Romberg. ' 

T = 1863, Dec. 27-70863, Greenwich m. t 
n = 180* 17' 53"-4 | Apparent equinox 
a = 104 51 28 -8 ) of Oct. 14-5. 
» =2 82 16 29 -4 
log. q = 01 3 1934 

Motion direct. 

This comet appeared as an oblong nebula, strongly condensed in the 
middle. Its diameter was about 1', and it shone as a star of the 8th 
mafi;nitude. 

8. Comet VI, 1863.— On the 28th of December, 1863, M. Respighi, 
Director of the Observatory at Bologna discovered a new comet (the 
sixth of 1863). It exhibited a nebulosity condensed toward the centre, 
with the trace of a tail about half a degree in length. The following 
are two observations of Dec. 28th. 

m. i. Bologna. R. A. Dec. 

6b 43in 41 igh 49m 24«-80 25* 57' 33"-7 

18 11 2 18 50 1 -76 26 13 2 -2 

M. B. Weiss has calculated the following elements of this comet 

Perihelion passage, 1863, Dec. 27*9915 

Longitude of perihelion, 60* 31' 22" 

Lon^tude of node, 304 47 17 

Inchnation, 64 43 40 

Perihelion distance, 0*77301 
Motion direct. 

IL Weiss remarks that these elements resemble those of the comets of 
1490 and 1810, the three perihelia being separated by intervals of 
(3f years, and of 320=6X53 years. 

Comet of 1490. Comet of 1810. 

Perihelion passage, Dec. 24-477 Sept. 291062 

Longitude of perihelion, 58* 40^ 52' 44' 42" 

Longitude of node, 288 45 31021 2 

IncHnation, 51 37 61 11 15 

Perihelion distance, 0*7876 0*97579 

Motion direct direct. 

This comet was discovered at Ann Arbor on the 9th of January, as 
announced in the following letter from Prof. Watson : 
Ax. Jour. Scl— Second Sebibs, Vol. XZXVII, No. 110.— MixoB, 1864. 
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'^ObaerratoTy. Ann Arbor, Mioliigaii, 1864, Jan. IS. 
Gkktlbmbk: 

I have the pleasure to inform you that I discovered a new comet on 
the evening of Saturday, Jan. 9th, at 6^ o'clock. I have observed the 
following accurate positions t 

Ann Arbor M. T. Comcst o. Comet 5. 

1864, Jan. 10, 6»» 67™ Y» lO*" 14°» 3«-37 +34*^ 6' 6"-9 

11, 6 18 67 19 17 16 -31 34 52 62 -2 

12, 6 6 61 19 20 53 '36 36 42 47 -0 

' From these places I have derived the following elements of the orbit: 

T=1863, Dec. 27-1413 Washington M. T. 
7r= 60* l7''39"-0) . . j ,,.. 

8=304 40 49 -0 f ^PP- ^^^'''^^' ^'^' ^^^ 
» = 63 65 38 -5 
log g = 9-886810 

Motion direct. 



Motion direct. 
The comparison of the middle place gives : 

c— o. 



aX cos |9= — 2"-9 A|9= - 1 6"-0 

The comet is large and bright, with a tail 1^° in length, and a nu- 
cleus strongly condensed at the centre. 

The above elements almost exactly resemble those of the comet of 

1810, so that there can be very little doubt of the identity of the two 

comets. Whether this is the first return to the perihelion since 1810, 

or whether it has returned several times unperceived, must be decided 

by subsequent observations. Very truly yours, 

JAMES C. WATSON." 

This .comet was barely visible to the naked eye during the latter pari 
of January, and in a comet-seeker exhibited a tail about 2^ in length. 

4. I^otes on tj Argus ; by F. Abbott, Esq. Tfrom Proceedings Royal 
Astronomical Society, Nov. 13, 1863.) — That the duration of this star's 
apparition is variable to a great extent is certain ; and by comparing the 
present description with the monograph of Sir J. Herschel, taken at Cape 
of Good Hope, it will, I think, appear conclusive that the apparition of 
the surrounding nebulae is also variable. 

Messier recommended careful observations to be made on such objects, 
with a view to ascertain whether or not any indications of change in 
form or structure are exhibited. That such changes have taken place is 
already on record. An instance is afforded by the remarkable nebula 
surrounding in the constellation of Orion^ which Huyghens dise-overed 
in 1666, and noted in his Sy sterna Saturnium ; from comparison of 
which Sir Wm. Herschel, by his own observations from 1783 to 1811, 
concluded it had undergone sensible change. Bouillard and Le Gentel 
maintained the same opinion in reference to the nebulae in Andromeda; 
and of later date, Bond, Pogson, Struve, D'Arrest, and others, have ol^ 
served such changes. 

Sir John Herschel, when at the Cape, carefully examined rj Argus with 
an 18-inch reflector; "No part of this nebula," says Herschel, "shows 
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any sign of resolation into stars/* ^ It is not easy,^ be adds, *' for lan- 
guage to convey a full impression of the beauty and sublimity of the 
spectacle which the nebula offers as it enters the field of the telescope." 
'* It will appear," he also writes, ** that every succeeding state of nebulous 
matter is the result of the action of gravitation, and by such steps the 
successive condensation of it is brought to a planetaiy or stellar condi- 
tion. Several instances are on record which connect the planetary with 
the stellar appearance. In those instances wherein the collection of 
nebulous matter was very extensive, subordinate centres of attraction 
could not fail to be established, around which the adjacent particles would 
arrange themselves, and thus the whole mass would, in process of time, 
be transformed into a determinate number of discrete bodies, which 
would ultimately assume the condition of a cluster of stars." 

That this condition is partly carried out in the object v Argus will be 
manifest by comparing the Cape description with the present one. A 
great difference may be caused by the optical means employed, as far as 
resolvability goes; but if an increased number of brilliant isolated stars, 
with a change in position of ^ Argus, is the effect produced by a 5-foot 
achromatic, and they were not exhibited to the same effect in an 18-inch 
reflector, it only strengthens the evidence in favor of some change having 
taken place in the object 

The open space, as given in the Cape Monograph, and also in the last 
edition of the Outlines, is 
somewhat in the form of a 
dumb-bell, compressed in 
the centre and surrounded 
with nebula,* in the most 
dense part of which is situ- 
ated 37 Argus, The appear- 
ance of the open space now 
assumes the form of a crook- 
^ billet, wide in the centre 
and open at both ends, with 
11 Argus situated within the 
open space or darkpart, and 
surrounded with an almost innumerable quantity of brilliant stars, many 
of which are arranged in groups, some being of a blue, and some of a 
ruddy color. They are remarkably brilliant in the dark space, and afford 
a good comparison with tUe variable star itself. 

It appears somewhat paradoxical that in 1838, when examined by Sir 
J. Herschel, the star 9 Argus was situated in the most dense part of the 
nebula, and was seen as a star of the first magnitude. And now in 1863, 
it is out of the nebula, and, within the dark space, it appears only as a 
star of the 3i;cth magnitude. 

That the star's right ascension has not varied so much will be manifest 
It is clear then that the dense portion of the nebula, towards the east, 
must have receded, leaving each end open, and n Argus, together with 
about 70 stars -±2, up to the 14th magnitude, as seen within the dark 
Bpac«. 

The irregularity of this star, and the nebulosity surrounding it, involve 
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A principle m to whether its accesBion and diminiitioQ is the effect pro- 
cluced bj distance, transits of opaque bodies, or solar spots ; or whether 
the nebulosity surrounding 17 Argus interferes with the light emitted by 
the star ; if so, the increase and diminution, however vacillating, become 
4>bvioQs. 

VI. MISCELLANEOUS SCIEKTIFIC INTELLIGEKCE. 

1. Account of ike casting of a gigantic [JRodman) Oun at Fort Pitt 
Foundry^ (in a letter to the Editors, dated Pittsburgh, Penn., Feb. 1864.) 
— -A 20-inch army gun on Rodman's plan, has lately been cast at the Fort 
Pitt Foundry in this city. Being the largest iron gun in the world, its 
fnanufacture necessarily awakened much interest here. Thinking there- 
fore that your readers may feel a like interest, I take the liberty of sending 
you the facts of the casting, as well as the theory of this improved method. 

It has long been known that there is a practical limit to the mannfiM)- 
ture of large iron guns, cast solid, beyond which the size cannot be in- 
creased. This arises from the method of cooling, which is entirely from 
the exterior. Of course the first part to become solid is this exterior sa^ 
&ce. As the cooling progresses, and the solidification proceeds toward 
the centre, the iron contracts and produces an enormous tension, aeting 
in opposite directions — that is radially, in the cross section. A foreo M 
compression is felt on the exterior, to crush it inward ; and one of radial 
«longation« exerted from within outward, on the interior, to tear it asott- 
der. This condition of things in glass is well illustrated in the Priaee 
Rupert's drop. In the case of solid cast iron shot, for example, there is a 
maximum diameter within which these can be cast without containing 
cavities. But beyond this point, the contraction toward the exterior, 
which is the first to solidify, is so great that these cavities are formed. 
In general the contraction is irregular and the cavities are near the upper 
surface. Hence it is considered preferable to cast thick shells, in whidi 
case the core locates the cavity exactly in the centre. For the same dif- 
ficulties in casting large guns, it was at first proposed to apply the same 
remedy. That is, to cast the gun with a core, so that the con traction 
ahould be uniform from the axis to the surface. 

Major — then Lieutenant — T. J. Rodman had his attention first called 
to the manufacture of guns of this sort, — as he recently stated before (he 
Committee on the conduct of the war, — from the lamentable accident 
which occurred on board the steam frigate Princeton, in 1844. The 
^' Peacemaker'' was a wrought iron imported gun, having a bore twelve 
inches in diameter. Considering the conditions under which iron gum 
were usually east. Major Rodman at once saw the enormous strain to 
which they were subjected by exterior cooling. And he also perceived 
that a gun thus cast was in a state of extreme tension and therefore 
weak. He then applied himself to the mathematical investigation of 
the conditions under which a central force acts. He found that Barlow 
had determined that the strain produced upon any material by a centrtl 
force, diminishes as the square of the distance from the centre incresflee. 
Thus in a gun one calibre thick the distance from the bore to the exterior 
is 3, and the strain on the exterior when fired is only ^th that on the in- 
terior. Now if the strain at the interior is the breaking strain, then thii 
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being 1, and that at tbe exterior being ^, that of each infinitely thin (nrlin- 
der between these surfaces being intermediate, the effective strength of 
tke whole will be the sum of these strains. This resistance is found to 
be ^two-thirds of that which half a calibre in thickness would offer if 
the strains were all equal, as in the tensile strain.'^ So that the resistance 
which a hollow cylinder, such as a gun, opposes to a central force, is, 
when the interior is at the breaking strain, only f of that which ^ the 
same thickness would oppose the rupturing of a bar of it longitudinally. 
And this only when the gun is entirely free from previous strain, cooled 
theoretically ; that is, simultaneously throughout. But in the manner 
in which guns cast solid are cooled, we have seen that their contraction 
induces an enormous strain : and that this acts radially ; from the circum- 
ference and the centre toward each other, tending to draw the exterior in- 
ward and the interior outward. Now this strain, produced by exterior 
cooling, acts in conjunction with the central force produced by the explo- 
sion of the powder, to burst the gun. This central force we have just 
stated gives nine times the pressure on the interior of a gun one calibre 
thick that it exerts on the exterior. Hence it tends to force the interior 
oiitwsrd. But the tension in cooling acts in the same direction. And 
this latter force far exceeds the former, if we remember Major Rodman's 
statement that the interior of a gun may be burst by firing, without the 
tension outwardly, produced by the explosion, equalling that inwardly, 
given originally by contraction : hence without relieving the exterior 
straia. 

The first plan suggested by Maj. Rodman to obviate this difficulty in 
the way of casting large guns, was to cast them with a core. This core 
allowed of some compression as the iron cooled and contracted around it 
To accomplish this, he proposed to cut a thread upon the core and wind 
It with a wire, shaped like an H in the cross section. One of the straight 
•ides would lie in one groove, the other in the adjoining one, and the 
connecting part would bind the core together longitudinally. The diffi- 
enlty of procuring this peculiar shaped wire led him at last to abandon 
this plan. Then it was that the idea suggested itself to him of using a 
hollow cylinder of iron for the core, in which a stream of water should 
drculate. By this means the direction of cooling would be inverted, and 
as the interior would cool first, the contraction would take place from the 
exterior inward. He thus expected to oppose the action of the powder to 
bnrst the gun, instead of facilitating it Instead of the resistance opposed 
to the powder being even as it is in the theoretical gun, above alluded to, 
§ds of that of the entire strength of a bar half the thickness — and of 
course far less in the gun cast solid — he so regulates the contraction that 
all the theoretical cylinders in the gun shall be brought to the breaking 
strain at the same instant A condition of things in which the resistance 
is twice, instead of §ds of that given by a bar half the thickness. This 
is attained by having the contraction toward the centre, binding the theo- 
retical cylinders of the gun one upon the other, as in the process of 
shrinking. Moreover, that part of the gun which cools most rapidly is 
hardest By interior cooling, the bore is the part soonest cooled and in 
these guns it is less subject to wear than when it is the last part to oool| 
as in the old method. 
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The plan thus devised was offered to the Ordnance Department three 
several times during the years 1845 and 1846. But they thought it im- 
practicable, and so far from adopting it they were not even willing to 
make a trial of its merits by actual experiment Finally, in 1847, Major 
Rodman, then stationed at the Alle/s^hany Arsenal, offered it to Messrs. 
Knap <fc Totten, proprietors of the Fort Pitt Foundry, Pitisburgh. They 
agreed to make a trial of the principle at their own expense and also to 
defray the expense of securing a patent, if he would assign one-half of 
bis right in it to them. This he agreed to do, and the patent was ac- 
cordingly issued in August, 1847. Preparations were immediately com- 
menced and the first hollow cannon was cast at that Foundry in the win- 
ter of 1849-50. This was an 8-inch Columbiad. At the same time and 
from the same metal a solid gun of the same size was cast. When fin- 
ished, they were proved with a charge of 10 lbs. powder and one 64 
pound shot. The gun cast solid burst at the 85th fire : the one cast hol- 
low at the 251st. In 1851, the experiment was repeated in a similar 
manner, with only such slight variations as experience had suggested. 
The guns were of the same size as in the previous experiment. The one 
cast solid burst at the 7dd fire, the other has endured 1500 rounds and 
is still unbroken. 

These experiments continued with the same or nearly the same form of 
gun until 1859, Major Rodman being engaged in experiments to deter- 
mine the relative merit of the interior mode of cooling, not only by the 
service proof, but by ascertaining the resistance of iron of various quali- 
ties, prepared in various ways, by methods as nearly resembling the force 
of powder as possible. From these investigations, he came to the con- 
clusion that the old columbiad model was radically defective. He there- 
fore spent that year in experimenting to determine the explosive force of 
powder on different parts of the bore of the gun at the same instant ; and 
the ratio of diameter to length necessary to equalize the strains tending 
to transvei'se and to longitudinal rupture. From tliese data, he obtains 
the strain, and the consequent amount of resistance required at each 
cross section of the gun, which gives the thickness of metal. Plotting 
these results, he produced the beautiful model known as the *^ Army gun,^ 
which far surpasses in appearance the ^* Navy gun,*' modeled by Admiral 
Dahlgren. 

The first gun on the new model was cast at the Fort Pitt Foundry, 
December 22d, 1859. It was a larger gun than had ever been made suc- 
cessfully on the old plan. The diameter of the bore was 15 inches; the 
exterior diameter at the breech, 48*1 inches; total length 15 feet 10 
inches ; weight 49,099 lbs. This gun when finished was transported to 
Fortress Monroe and proved. It has been fired 505 times with full char- 
ges, and four times with smaller charges, and it is still unbroken. 

Major Rodman having thus admirably demonstrated the practicability 
of constructing these immense guns, and their perfect safety within 1000 
rounds, it only remained to increase the size of the guns thus made, un- 
til a limit should be reached. Accordingly in April, 1861, in a report 
made by him to the Ordnance Bureau, he recommended the construction 
of a gun, whose bore should be 20 inches in diameter. Owing however 
to the great demand for large guns, of the size already made, no attempt 
to cast this immense gun was made until the present winter. 
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The Fort Pilt Foundry stands on the Alleghany river, testing on made 
Iftnd. As guns are cast vertically, with the muzzle up, the first thing to 
be done is to sink a pit, as deep as the intended gun is long. In this in- 
stance the requisita depth would carry the bottom of the pit below the 
"Water line and water would flow in. A wrought iron tank fills up there- 
fore half the height of the pit : and this is lined with a layer of brick 9 
inches thick, which is continued to tbe top. A circular pit 30 feet deep 
and 14 feet in diameter is thus made. Within this the flask, or support 
for the moulding sand, is placed.' It is circular in section, divided longi- 
tudinally into two parts, and transversely into three. The metal is about 
1-)- inches thick and is strengthened by heavy cast ribs. Its diameter is 
6 feet and its weight 32 tons. It was cast by Mr. Joseph Pennock, at 
the Fulton Foundry. The wooden gun pattern, in two halves, which is 
25 feet in length, maximum diameter 5 ft. 6 inches, and diameter at the 
muzzle 4 feet, is about the size of the rough gun. One half containing 
one trunnion is moulded in each half of the flask. The mould is then 
dried by heat, the two halves clamped and bolted together, and the whole 
lowered into the pit. It weighs 53 or 54 tons. The core barrel is a hol- 
low cylinder of iron 17 inches in diameter, closed at one end, open at the 
other. It is about one inch thick and is grooved longitudinally or fluted, 
like a column in architecture, its entire length, the furrows being ^ an 
inch apart Around this is wound a rope of the size of ordinary bed 
cord, and over this a layer of clay f inch thick is evenly spread and the 
whole dried. The object of the grooving is to allow the free escape of 
gaa. The rope prevents the clay from filling up these grooves. This core 
thus prepared is lowered into the mould, and maintained exactly in the 
centre by a heavy collar bolted down to keep it from rising. A copper 
pipe passing to the bottom of the core supplies the water : while another 
pipe opening into the top leads off this water after it has become hot in 
the core^barrel. 

The furnaces are constructed on the reverberatory plan, the hearth in- 
clining toward the fire. They are known as air furnaces, and depend on 
draft entirely. They were charged cold with second fusion Bloomfield 
pig iron ; No. 4 receiving 39 tons. No. 5 and No. 6, 23^ tons each. No. 
3 was charged with 18 tons and held as reserve. - The fires were lighted 
in these furnaces at 4*» 15" on the morning of Thursday, Feb. 11. The 
day was fine and the barometer high ; the draft was therefore good and 
the iron was all in fusion at 11^ 30°>. Low iron, or that containing an 
excess of carbon, is soft and weak : high iron containing less carbon is 
harder and more tenacious, but it contracts more in cooling. Hence the 
iron in the furnaces was tested from time to time to ascertain when it 
reached the right point. Atl2^24i", the three furnaces were tapped 
* simultaneously. The metal was conducted in runners to a pool near the 
pit, from the side of which, near the bottom, it passed in two runners to 
the gun mould, entering, not directly, but through side channels or gates, 
having branch gates inclined upward toward the axis, at intervals of 12 
inches. The scene just at this time was grand. Three streams of liquid 
fire, throwing out most brilliant coruscations, afler a course of fifty feet or 
more, fell into a sea of the molten metal, again to emerge in two others 
which ran to, and disappeared in the vast iron frame. Away down in 
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the gun-monld could be seen the boiling metal slowly rising toward ilie 
top. The moisture of the sand yielded up its hydrogen : the rope lor- 
nished carbonic oxyd ; and the sticks with which the surface of the metal 
was constantly stirred added to the flame : until it seemed as though an 
abyss had opened into the internal fires of the earth. Water at a tem- 
perature of 36^ F. had been admitted to the core-barrel before tapping 
the furnaces, and it then left at the same temperature, the flow being 30 
gallons per minute. At 12^ 45^, the mould was full and the flow m>m 
the furnaces was stopped ; the entire time of casting being 21^ minutes. 
At this instant, the water left the core barrel at 42^. At 4>>> thereafter 
52*»; S'n-OSi'*; 14m-81i; 26" -91**; and at 30»-01f^ One hour 
after casting, this flow of water was increased to 60 gallons per minute. 
At two o'clock a collar was put on the flask and more metal was added 
to increase the length of the * sinking head.' More effectually to retard 
external cooling, grate bars were placed near the bottom of the pit, 
around the flask, and the fire on them was lighted at df o'clock. The 
flow of water was continued till a. m., February 12. Then the core bar- 
rel was removed, after some little delay, at 2^ 45™. With very high iron 
it is deemed possible to cool the interior so rapidly as to fracture the ex- 
terior. As this iron was pretty high, it was not considered advisable to 
proceed as usual, that is to circulate water directly in the bore of the gun, 
but to substitute air therefor. A sheet iron pipe 8 inches in diameter 
was carried to the bottom of the bore and a stream of air driven oontin- 
uously through at the rate of 2000 cubic feet per minute. This air com- 
menced to flow at 2^ 57"^ on the 12th, and continued uninterruptedly 
until the gun was cold. On the 19th at Z^ 30°^ p. m. the air issued at the 
temperature of 70^ F., the fire in the pit having been extinguished the 
night previous. On the 23d, the gun was stripped; i.e., the flask was 
removed from its surface. A solid cylinder of the metal for trial, 2 inches 
in diameter and 4 inches long, was taken out about two feet fr<Hn the 
top. But in removal it fractured across the spongy portion, about three 
inches from the exterior. So that of the thickness of the gun 14^ inches, 
11^ formed the interior shell. A second specimen was taken, 4 inches 
below the muzzle, that is 4 fL 4 in. below the top of the sinking head. 
This on testing gave density 7*3028 and tenacity 28737. The iron was 
very uniformly mottled and appeared of excellent quality. On the 24tb, 
the casting was still perceptibly warm at its lower end. The stream of air 
was thereiore continued until the 25th. Then by means of two immense 
steam cranes, this huge gun, weighing 86 tons, was lifted from its pit, and 
prepared for the lathe. The casting was perfect All these facts, there- 
fore, indicate that 20-inch guns are as easily made as 15-inch. 

The dimensions of this gun when finished will be as follows : — ^Total 
length over all, 20 fL.'3^ inches. Length of bore 210 inches. Maximum 
diameter 5 ft. 4 inches. Diameter at the muzzle, 33^ inches. Diameter 
of bore, 20 inches. Total weight, 112000 lbs. The weight of the shot, 
supposing it solid, would be 1000 lbs. A service shell of this size, 3^ 
inches thick, would weigh 725 lbs.; a battering shell, 6|- inches thick, 
925 lbs. The charge of powder required would be about 100 lbs. Nine 
men could load it as easily as five now load the 15-inch gun. The liriog 
force of the service shell above mentioned, in crushing the aides of an 



Miscellaneous Intelligence. 901 

iTon-clad, would equal that of six ten-inch solid shot : and that of thd 
battering shell would considerably exceed that of seven ten-inch solid shot. 

This gun being entirely experimental, Government only pays the ex- 
penses of manufacture. On all guns cast hollow, however, the patentees 
get one cent per pound royalty. 

The casting of this gun took place under the supervision of Major 
Dyer, of the Springfield (Mass.) Armory ; Major Rodman, of the Arsen- 
al, Watertown, Mass.; and Capt. Ben^t, Inspector-in-chief of Ordnance, 
West Point, N. Y. : all of the Army. And there were present Capt, 
Aulick, of the Ordnance Bureau, and Capt. Berrian, Inspector of cannon 
and projectiles at this station, of the Navy. Capt. Goodenough of the 
Royal Navy, and the Marquis de Basse Court, of the Italian Navy, were 
among the distinguished spectators. 

This immense Foundry is now carried on by Charles Knap, Esq. He 
baa for his foreman Mr. Joseph Eaye, acknowledged to be the best gun 
founder in the country. g. f. b. 

VII. BOOK NOTICES. 

1, Mrst Outlines of a Dictionary of the Solubilities of Chemical Sub" 
stances. By Frank H. Storer. Part II. — ^The importance which we 
Attach to Mr. Storer's work now in process of publication leads us to 
make some further observations on the second part which appeared a few 
months since. This portion of the work confirms the impression made 
bj the first ; it is characterized by the same pains-taking accuracy, and 
the same clear conception of the requirements of his subject. 

This second part begins with convolvulinolic acid and ends with oxyd 
of tin ; it embraces many large and important chemical groups, such as 
the cyanates, cyanids, fluorids, iodids, the ethylosulphates, hydrates, ni- 
trates, oxalates and part of the oxyds. With respect to all of these, copi- 
ons and minute information is afforded, derived from an exceedingly large 
number of sources, as is sufficiently evinced by the great number of 
references given. As a single example, we may remark that the solubility 
of nitrate of potash in various menstrua is illustrated by no less than 
•izty-three quotations from authors on the subject. 

The advantages of a work like this are two-fold. For it not only 
aids the chemist by placing in an acceptable shape the information which 
he desires, but it will be found, in our opinion, to afford a decided stimu- 
lus to the completion of an exact knowledge on the subject to which it 
is devoted. It exposes, by a significant silence, the points which have 
been orerlooked or neglected, or relative to which no observations have 
been made; thereby inviting active chemists to fill up these lacunes and 
complete our knowledge. Mr. Storer has moreover given very conscien- 
* tiously his authority for by far the greater number of his statements, 
therein following the excellent example set by Leopold Gmelin ; which is 
gp'adually becoming more and more generally imitated by chemical 
writers. This system is satisfactory in the highest degree both to the 
reader and to the authors quoted. To the latter, it aids in giving the 
just reward of their labors, that consideration and reputation which to- 
gether with honest and hearty love for the study, is so often the only 
reoorapense that falls to the lot of the really scientific chemist. To the 
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reader, it is equally valuable, for in. the case of conflictiDg statements it 
enables bim at least to form some opinion as to which are most likely 
to be reliable, and as to the necessity of further investigation. 

The book is indispensable to the chemical student. We feel the want 
of the third part, for the sulphates, phosphates and tartrates, etc., and 
shall welcome its appearance. m. g. l. 

2. Chambers^ Encyclopedia : a Dictionary of Universal Knowledge fcf 
the People, Illustrated. Philadelphia : J. B. Lippincott & Co. Edin- 
burgh: W. & R. Chambers. 1861-1863. Vols. I-V, royal 8vo, pp. 
828 each. — We have in a previous volume of this Journal noticed the 
commencement of this valuable publication. It has now reached the 
completion of the fifth volume, bringing the alphabet down to the letter 
L. It is constructed on the general plan of the Conversations-Lexicon 
of Brockhaus, and, like its great prototype, is characterized by variety, 
conciseness, and accuracy. The articles on scientific topics are numer- 
ous and remarkable for exactness and brevity. The error is nowhere 
committed of extending such notices beyond the proper limits of a 
dictionary of knowledge to the dimensions and scope of elaborate 
treatises. The spirit of the original ^ Cyclopedia' of Ephraim Chambers 
— now more than a century old — has been revived by his namesakes in 
the present work, his original plan — very like that of the German Con- 
versations-Lexicon — having been widely departed from in many similar 
works of subsequent date. By a liberal use of wood-cuts in the text 
the value of this Encyclopedia has been much increased. Such illustra- 
tions are used whenever the subject demands them, and they are gene- 
rally of excellent quality. The work is printed from the English plates, 
and is published in cloth at $2.80, sheep $3.20, half turkey $3.60, and' 
will be completed in seven or eight volumes. 

3. A Practical Handbook of Medical Chemistry ; by John E. Bow- 
man, F.C.S. Edited by Chas. L. Bloxham, Prof, of Practical Chemis- 
try in Kings College, London. Third American from the fourth London 
edition. Philadelphia : Blanchard d? Lea. — Important additions have 
been made to the present edition, especially in the examination of unne 
by the volumetric methods, and for poisons in organic mixtures by a 
general systematic course of detection. Prof. Graham's methods by 
dialysis are also introduced, and the electrolytic detection of metals is 
revived. 

4. Dana^s Manual of Geology, — A revised edition of Dana^s Manual 
of Geology has just been issued by the publishers (T. Bliss &; Co., Phil- 
adelphia), containing, besides some other additions, a woodcut of the 
long-tailed Bird of Solenhofen, copied from the last December number of 
the Intellectual Observer (illustrating in that Journal an aiticle by Mr. 
H. Woodward), and another of a new Insect from the Carboniferous 
rocks of Illinois. 

OBITUARY. 

Edwabd Hitchcock. — Professor Edward Hitchcock died at Amherst, 
Massachusetts, Feb. 27th, at six in the morning, aged seventy years and 
nine months. He was bom at Deerfield, Mass., May 24th, 1793. Al- 
though enjoying limited advantages of early education he had the posi- 
tion of Principal of the Academy in his native town, from 1815 to 1818, 
during which time he also edited an almanac. In 1811, when only 18 
jaars of age, he made ob6eTval\ovi& ou the comet and solar eclipse of that 
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year. His first geological paper, and in fact his first important contribution 
to science, was his *^ Remarks on the Geology and Mineralogy of a section 
of Massachusetts on Connecticut River,^' published with a map in the first 
volume of this Journal, and dated at Deerfield, Oct. 1817. From 1818 
to 1825 he was the Pastor of a church in Conway, Mass., still pursuing 
his scientific studies as is evident from his papers, chiefly on mineralogy 
and geology, published in the first ten volumes of this Journal. He gave 
also, during this period, an account of Bailey's new method of longitude, 
immediately on its appearance, in a manner which shows him to have 
been master of the subject.^ From 1825 to 1845 he filled the chair of 
Chemistry and Natural History in Amherst College, with whose history 
and prosperity his name is inseparably connected. In 1845 he was cho- 
sen to the Presidency of Amherst, retaining the duties of instructor in 
geology and natural theology. In 1854 he resigned the presidency, hav- 
ing during his discharge of its duties conferred the most substantial 
benefits upon the institution, rescued it from a state of depression and 
insolvency to one of comparative abundance and substantial endowment, 
and doubled the number of attending students. He retained until his 
death his favorite duties of the geological chair, as well as those of nat- 
ural theology. 

In the history of the Governmental Geological Surveys, Prof. Hitch- 
cock's name must always hold*a prominent place. It was by his sugges- 
tion that, in 1830, the State of Massachusetts added a geological surveyor 
to the corps charged with the preparation of a trigonometrical survey of 
that State. His first report on the Economical Geology of the State was 
j>ublished in a pamphlet of 70 pages, in 1832, with a geological map. 
In 1833 he made a full report on the whole subject, in a volume of about 
700 pages, with an atlas of plates and a geological map. In 1837, un- 
der the governorship of Mr. Everett, he was commissioned anew to re- 
examine the geology of the State, which resulted at last, in 1841, in a 
final report in two quarto volumes of 840 pages, with 56 plates and 82 
wood-cuts. This was independent of the separate reports on zoology and 
botany made by the able naturalists who were associated with him. Sev- 
eral other reports followed, on Surface geology, on the Hematite of Berk- 
shire, d^c, and lastly the final report on the Ichnology of New England, 
the result of more than twenty years of study of an intensely interest- 
ing but difficult subject This report was published by the State at an 
expense of about $5000. In 1856, when borne down by severe infirm- 
ity, he had still the courage to undertake, with his two sons, the geologi- 
cal survey of Vermont, which was brought to a succes^ul issue notwith- 
standing that, as he says in his *' Reminiscences," the Legislature '^ starved 
them out," the final report of about a thousand pages having appeared 
in 1862. His last paper, "New facts and conclusions respecting the 
Fossil Footmarks of the Connecticut Valley," was published in July 
of 1863, (our last volume, p. 46,) and we well remember the conviction 
he then expressed, that it was his last production — although it was so 
much his habit to despond and still labor on, that we felt it not unlikely 
we should again welcome his well known signature to our pages. For- 
tunately his strength held out for the completion of his *^ Reminiscences," 
the preface of which bears date Sept. 1st, 1863. In that personal narra- 
tive, while dealing primarily with Amherst College and his labora in her 

' This Journal, vol. iz, p. 107. 



d04 Obituary. 

behalf, we find a mirror of his acientifio life and labors. How much he 
was tlie servant of all work, in his position of President, appears from 
the following passage : 

** My epistolary correspondence in the Presidency was peculiarly oneN 
ous. I had previously been so much of a jack at all trctdes that I had 
laid myself open to inquiries and assaults from all classes. The same 
mail (and I hardly exaggerate the literal fact,) might bring inquiries aboat 
some point in the thfeory of temperance — how to employ garnet in msk- 
icg sand-paper — how to reconcile the imputation of Adam*s sin with our 
sense of justice' — where to find the best beds of sulphate of baryta— 
whether I would like to exchange or buy shells, minerals and fossils — how 
cheaply an indigent young man can go through the college and with 
what helps — whether I know of any one who will make a good teacher 
of a common school, an academy, or a professor in a college — or any one 
to supply a pulpit — what I think of a new theory of drift, or of latent 
heat — or new views of the relations of geology to Moses — or a new 
poem — or a new work — all of which are sent and an answer requested, 
if possible, by return mail." 

We can do no justice to such a life as Prof. HitchcocVa in a brief 
notice. Earnest, simple, and sagacious, indefatigable under all discour* 
agements, his t^Iear, firm grasp of truth sustained and raised him above 
all difficulties, and has secured him an honored name in science. And this 
is not all, for science with him was ever made tributary to Christiaii 
truth and effort. 

Plana. — Baron Giovanni Plana, the most renowned of Italian aso 
tronomers and mathematicians, died at Turin, on the 20th of January 
last, in his eighty'third year. Few men have left more enduring monu* 
menls of industry and power in the difficult branches to which he devo- 
ted his life, than Plana. The very last volume of the Transactions of the 
Turin Academy received here contain no less than seven elaborate me- 
moirs from his pen. His theory of the moon is perhaps his most celebra- 
ted memoir. At the last session of the Turin Academy — the same which 
received the news of his death — a second paper was presented from him 
on the cooling of the heavenly bodies and an analytical expression of the 
sun's heat 

Heikrich Rose, the illustrious chemist, died at Berlin, on tha 28th of 
January, at the age of B9 years, having filled the chair of Chemistry in 
the University of Berlin for more than forty years. He was a pupil of 
Berzelius, at Stockholm, in 1819. His treatise on Analytical Chemistry 
has been translated into French and English, and for a long time was al- 
most our sole authority. PoggendorjgTs Annalen contained nearly all hit 
papers, and scarcely a volume of that important journal for forty yean 
past is without contributions from his pen. Rose was in private life one 
of the most gentle and excellent of men. Thus in two months has the 
University of Berlin lost two of her most illustrious men, Mitscherlich 
and H. Rose. 

Cappocci — the learned director of the Observatory of Capodimonte 
(Naples), died on the 6th of January, of an affection of the heart, at the 
age of sixty-six years. 

Notices of new publications received are necessanly deferred for wa&t 
of space. 
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Art. XXVII. — On the Dipiera or two-winged Insects of the Amber-^ 
fauna. ( Ueber die Diptem-fauna des Bernsieins) : a lecture by 
Director LcBW, at the meeting of the German Naturalista in 
Koenigsberg, in 1861/ 

Of all the organic remains of former geological periods, those 
enclosed in amber are the most remarkable for their state of 
preservation, which is such that they admit of the most complete 
investigation. While under other conditions smaller and more 
delicate animal organisms have either almost or auite disappear- 
ed, in this case it is the very reverse, and hence the amber-fauna 
has an extraordinary richness in species, so that both for its 
beauty and abundance it invites to an investigation which prom- 
ises the most interesting results. The objects for such investi- 
f;ation however are so various, that a division of labor is required, 
nduced by my deceased friend, Behrendt, I commenced the 
study of the Diptera preserved in amber nearly seventeen years 
since, and have continued it, not without unavoidable interrup- 
tions, up to the present time. A rich supply of material for this 
study has been supplied from various sources, and with a liber- 
ality which remained undiminished, in spite of the unexpected 
length of time required by the investigation. The principal por- 

'■ We owe this translation of Director Lkew^s interesting Tjecture on the Amber- 
fauna Diptera to Bnron OdTBn Saokbx, so well known for his important contribo- 
ttons to the study of American entomology. The many points of interest which 
tbb lecture affords to American naturalists will render the translation peculiarly ac- 
ceptable to English readers who have not access to the original. The author him- 
self has kindly furnished the notes, containing lists of species common to Europe 
and N'orth America, and which, not being found in the original, are here publishad 
for the first time. — (^ole by the Editor.) 

Am. Joub. Soi.~Secono Sbbibs, Vol. XXXVII, No. 111.— Mat, 1864. 
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tion of this supply is the entire Behrendt collection of Diptera in 
amber, to which that of Aycke has been added; also rich contri- 
butions from the collection of H. Menge, of Danzig, from that of 
the Physico-economical Society of Koenigsberg, as well as from 
the Thomas collection in the Eoyal Mineralogical Museum at 
Berlin, without special mention of valuable contributions from 
individual collectors, who have with praiseworthy liberality 
sought to advance the aims of science. 

The investigation of this rich supply of material has, up to 
this time, made known about 850 species of Diptera in amber, 
and these all belong to the division of the Diptera proboscidean 
while, so far, not a single species of the Diptera eprcboscidea has 
been found to occur. Of tnese 850 species, however, there are 
only 656 in so complete a state of preservation that their specific 
characters can be determined with absolute certainty. These 
are distributed over 101 genera, of which 50, with 395 species, 
belong to the Diptera nemocera^ and 51, with 261 species, to the 
Diptera brachycera. 

In the case of the latter, the chemical decomposition of their 
larger bodies, the more vigorous resistance which they have made 
to their entombment in the yet soft resin, the slighter develop- 
ment of their antennae and legs, (organs which furnish such im- 
portant characters for the ready distinction of the Diptera nemo- 
cera^) and still more, the few characteristic points in the neuration 
of the winge in most of them, for the distinction of species, of 
genera, and even of families, all conspire to render the proportion 
of fragments quite useless for exact determination much greater 
aipong the Diptera brachycera than among the Diptera nemocera. 
If such specimens could be turned to account, the above men- 
tioned proportion of species would be greatly increased on the 
side of the Diptera brachycera. 

The 50 genera of Diptera nemocera are distributed over all the 
families which have been formed for the living species, with the 
single exception of the small family of the Blepharoceridas, if this 
is not united with that of the Sirnulidas. The family of the My- 
cetophilidce is the richest of all the others, both in species and in 
numbers ; the family of the Oulicidce is the poorest. 

From what has been said above, as to the frequently imper- 
fect preservation of the Diptera brachycera, it can easily be un- 
derstood that for many of the species found in amber, a definite 
place in the systematic arrangement can be assigned only with 
great diflSeulty. This is true especially for those families which 
have generally been included under the name of Mwicarias^ that 
is, all of the families and genera which Meigen, in his arrange- 
ment, places after the genus Myopa. For this reason, it is abso- 
lutely necessary to distinguish those families of the Diptera 
brachycera whose occurrence in amber is beyond a doubt, from 
those which are more or loss doubtful. The families which are 
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now known certainly to occur in amber, are the following sev- 
enteen : XyhphagidcB^ Tahanidce^ LeptidcBy Cyrtidce^ Asilidce^ The- 
reuidce^ Ihmbylidas, Syrphidce, Pipunculidce, Hybotidce, EmpidcB^ 
Tachydromidcej Dolichopodidoe, Helomyzidce, Micropezidce^ Diop- 
sidce and Phoridoe. The families whose existence in amber is tol- 
erably well established, are the following ten : Myopidce^ Tachi' 
nidce, Dexidce, Muscidce, AnihomyidcB, Sciomyzidce, Sapromyzidce^ 
Ephydrinidce^ Drosophilidce and Oscmidce, As families, which 
seem not to be represented in amber, we may name six : the 
Sarcophagidce^ Lonchceidce^ HeteroneuridcBj Opomyzidoe, Piophilidce^ 
and Oeomyzidce.. Finally, there are eighteen families of which 
it is perfectly certain that not a single species has been found in 
amber, namely : Siratiomyidce, Acanthomeridce, Mydasidce^ Hir- 
fnoneuridce^ Scenopinidce, Platypezidae^ LonckopteridcB^ CEstridce^ 
CordyluridcBf Psilidce, Orlalidce, Trypetidce^ Phycodromidce, Sep* 
sideB, AgromyzidcB, Phytomyzidce^ Asteidce and BorboridiB, Of the 
families above named, the DolichopodidcB far exceed all the others 
both in the number of species and of individuals; next to this 
come the Empidce^ as far as the species are concerned, but the 
number of individuals is far less. The families represented by 
only one species, found only once, or at most twice, are the 
TabanidcBf Bombylidas^ Pipunculidce and Diopsidce, 

We have thus given what indeed may be considered as only 
a very general sketch, but yet a complete and faithful represent* 
ation of the knowledge which, up to this time, we have been 
able to obtain of the Diptera of the Amber-fauna. 

The Diptera in amber I consider as representing a fragment of 
a district fauna of the amber-period, which however owes its pe- 
culiar character to special local conditioas. 

The manner in which amber now occurs will very well allow 
us to assume that perhaps the bits found in any one place, or 
that at least those found in different places, may have oeen de- 
rived from localities quite far removed from each other. The 
known occurrence of enclosures which appear to be analogous to 
recent species of very different climates, seems to favor such a 
supposition. The proof of its correctness by the discrimination 
of the species, enclosed in amber derived from different locali- 
ties, has so far been impossible, since only in a very few cases 
have we been able positively to ascertain the locality where the 
insect-bearing specimens came from. We had therefore, in or- 
der to obtain the desired result, to adopt a different mode of 
investigation. 

If the species a is found enclosed in the same piece with the spe- 
cies 6, while b has been found to occur in another piece together 
with c, we may presume that they belong to the same district- 
fauna. I have therefore devoted especial attention to those pieces 
of amber which contained several species, and have endeavored, 
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from their examination, to form a catalogue of the species which, 
under the above supposition, might be considered as belonging to 
the same district-fauna. Some very beautiful pieces of amoer, 
containing each from ten to twelve species of Diptera have 
greatly aided me in this investigation. But among most of the 
amber collectors the unfortunate fashion prevails of dividing the 
larger pieces, containing several specimens, into smaller fragments 
in order to show each one by itself and to make a more conven- 
ient arrangement in the museum. The loss to a true scientific 
investigation of the Amber-fauna by this mode of proceeding 
has been so great that I cannot use too strong language in pro- 
testing against it. Although the catalogue thus formed does not 
by any means embrace all the species, it is yet comprehensive 
enough to enable me fully to confirm the supposition that the 
Diptera which arc found in Prussian amber belong to one and 
the same district-fauna. ^ 

The assumption that the Amber-diptera represent a fragment 
only of such a district-fauna, dependent upon special and yet 
uniform local conditions, must be considered as established, if 
the composition of this fauna evidently suggests coincident con- 
clusions as to the nature of these local conditions; or, in other 
words, if it can be proved that the Dipterous fauna of the am- 
ber is composed of the diflferent families, just in the same man- 
ner as families of recent Diptera would enter into the composition 
of a fauna, subject to certain local conditions. 

Now, the composition of the Dipterous fauna of the amber is 
indeed precisely such, as forcibly to suggest some conclusions 
about the nature of the localities in which it flourished and in 
which the amber now enclosing it was formed. The great prev- 
alence of the Diptera nemocera, both in the number of species, 
and still more of specimens, aflbrds us in this respect an import- 
ant indication. Most of these species are but poor flyers, never 
rising to a great height^ preferring moist places, sheltered from 
the wind, and appearing in vast numbers only under such cir- 
cumstances. The idea which the especial abundance of the Bip' 
tera nemocei^a has suggested, as to the nature of the locality in 
which they once lived^ is fully confirmed in other ways. As at 
the present day, the more delicate species of Empidce^ Hyhotida^ 
and Tachydromidce^ seek with peculiar preference the hovering 
places of the Diptera nemocera^ on the borders of ponds grown 
up with vegetation., or the shelter of the denser forests, so too 
they are found in abundance in amber. Of the DoUchopodida^ 
those species are quite absent which live principally upon the 
water, or on water plants, while of those more active forms 
which swarm in open spots, there are only a few scattered repre- 
sentatives ; on the contrary, of those genera whose species at the 
present day are found lurking for their prey in swarms on the 
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trunks of trees, sheltered from the wind, the number of species, 
and still more of individuals, is quite considerable. The abun- 
dance of those Diptera whose larvae live in rotting wood, and 
the countless swarms of MycetophiUdce^ bear testimony of the 
dampness of the locality and of the predominance of fungus- 
vegetation. Other Diptera, whose larvae live in standing or 
slowly flowing waters, show that such were not wanting, while 
the larvae of some species, if the analogy with those now living 
does not fail, must have had their abode in more rapid currents. 
If the presence of the Diptera just enumerated furnishes posi- 
tive testimony as to the local conditions, so does the great rarity 
or total absence of other families of Diptera, afford a hardly 
less important negative testimony to the same effect. It is re- 
markable enough with what absolute distinctness all of those 
Diptera are wanting in amber which prefer open swarming 
places, exposed to the sun, or select arid spots. So of all the 
genera of AntliracidcB, there has been found but a single species, 
and that has been met with only twice. Of AsilidcB, of which 
only a few decidedly prefer to dwell in places such as have been 
just described, fgur species have been found. . The very rare 
occurrence of the Dexidce, the Muscidce, and the Tachinid^B^ as 
well as the limitation of the Syrphidce to a \evy narrow series of 
forms allied to Xylola, appears also to depend upon the prefer- 
ence which the majority of the species belonging to these fami- 
lies, have for open, sunny localities, abounding in flowers. Their 
greater strength and power of flight may have rendered their 
escape possible, when species not so well provided would have 
certainly been enveloped, but this difference is not sufficient 
ground for their unfrequent occurrence in amber, if we assume 
that the species of these families were already abundant in the 
Amber epoch, while under the same supposition we could ex- 
plain it by the controlling influence of special local conditions. 
The numerous and very varied forms of the CectdomyidcBf whose 
species are strictly confined each to its peculiar plant, teach us 
that the flora was one rich in species ; this decidedly removes 
the supposition of the exclusive presence of extensive conifer- 
ous forests and renders it certain that leaf bearing phanerogamous 
plants, if not abundant in numbers, were at least rich in species, 
while it is by no means apparent that they all had the arbores- 
cent form. Next to the CecidomyidcB, the species of no other 
family are so intimately connected with particular plants as those 
of the TrypetidcB, whose larves have an especial preference for 
the SynanthercB (CompositcB) as an abode. These are entirely 
wanting in amber. From this to pronounce upon the total want, 
or even the rarity, of Synani/iercB in the Amber period, would 
be a too rash conclusion ; moist and shady places are avoided by 
these insects, who seek the plants, which are to be the residenoe 
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of their progeny, in open and sunny spots, and hover about these 
plants, or at least in their neighborhood, with great pertinacity. 
Thus their absence from amber is only one more striking testi- 
mony to the above-mentioned conditions of the locality in which 
the Amber-diptera lived. 

These minute beings of a long by-gone age, preserved to us in 
the form of mummies, afford us also some glances into the scenes 
of the animal life of that time. That the warfare between those 
of their own kind, still going on in our days, had even then be- 
gun, is shown by the swarms of LepticUe, Empid(Bj Hybotidcb^ 
Tachydromidm and DolichopodidtB, which prey upon other Diptera. 
That this war was even then declared against other orders of in- 
sects, is seen from the presence of powerful Asilidm ; that there 
was a war waged against them, in which too they were not vic- 
tors, is learned from the number of spiders found with them. 
An insect of the genus Silvius (Tabamdee), whose female certainly 
could not have failed to quench her thirst for blood, shows that 
some of the larger mammals must have lived there, while the 
complete absence of the genera Stomoxys^ Scatophaga and Borbo- 
rus, as well as of all the CEslndtB, does not render it probable 
that they were in very great numbers. 

We behold then the Diptera, now entombed in amber, in their 
once living swarms, in strife among themselves, at war with 
others, sometimes conquerors, sometimes vanquished, in a damp 
region, where fungi grow abundantly, sheltered from the wind 
by thick forests, surrounded by a phanerogamous jflora, rich in 
species; and we involuntarily ask, In what sort of a climate lay 
this paradise for long-legged gallinippers and impudent gnats? 

If we had any reason to consider the now extant amber-diptera 
as representatives of a district fauna in general, instead of 
taking them merely for specimens of a fragment of such a 
fauna, a fragment dependent on, and limited by local influen- 
ces, our conclusions about the climate of that district would be 
essentially different. The prevalence of the Diptera nemocera, 
as to the number of species as well as individuals, the great 
rarity oi Asilidce^ and still more of the Bombylidce^ the absence of 
all Nemestrinidoi, etc., would undoubtedly have indicated a cli- 
mate somewhat colder than the present climate of Prussia; the 
appearance of some forms, reminding of warmer climates, would 
in such a case have been but of little importance, as even now 
the higher latitudes harbor some forms of this kind. I believe 
I have pr6ved sufficiently that the local influences which limited 
the composition of the amber-fauna, have to be taken into ac- 
count in drawing our conclusions. Then, the prevalence of the 
Diptera nemocera will lose the importance which it otherwise 
would have had ; for also in present times, localities of the above 
indicated description, even in much lower latitudes, show this 
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prevalence in the same degree ; at the same time, the presence of 
a number of Diptera, closely related to some southern species, 
will gain so much the greater importance, since the rarity of 
their occurrence in amber merely proves their rarity in the spe- 
cified local conditions, without excluding the possibility of their 
common occurrence in other localities as well as of the occur- 
rence of many other species not preserved in amber. The fol- 
lowing species may be named as indicative that the climate of 
the Amber period was very probably somewhat, although not 
very much, warmer than the present climate of Prussia: 1. Sty- 
ringomyixL gracilis and the species of Dipbnema, the close rela- 
tives of which occur in copal. 2. Species of Pkcia^ closely al- 
lied to those occurring in warmer latitudes. 3. Sphyracephala^ 
a close relative of Sphyracephala brevicornis^ Say, common in the 
middle and southern of the United States, the only living rep- 
resentative of the genus as yet known. 4. A species of Chrso* 
myza, the living representatives of which belong to the Cape of 
Good Hope ; they show, however, considerable structural differ- 
ences from Corsomyza crassirostris^ enclosed in amber. 6. Sev- 
eral CyrtidcB, of the section Cyrtina, more numerously represented 
now in countries the temperature of which is at least equal to 
that of the southern peninsulas of Europe. 

An especial interest is afforded by the comparison of the Am- 
ber-diptera with the fossil Diptera of the tertiary period, found 
in other localities. I have been able as yet to subject to a close 
and careful scrutiny only the fossil Diptera found near Badoboj 
in Croatia. The collection of these Diptera belonging to the 
Imperial Mineralogical Institution in Vienna contains the types 
of the species determined and described by Professor O. Heer. 
The result of my researches is, that the Diptera of Badoboj 
afford only a very indistinct insight into a still more localized 
fauna ; that there is not a single genus among them which does 
not likewise occur in amber ; that although some species from 
Badoboj are pretty nearly allied to species enclosea in amber, 
the identity of such species cannot be proved at present, and 
probably never will be proved, on account of the difficulty of 
comparing specimens in so very different conditions of preserva- 
tion. Of the more striking forms found in amber, those espe- 
cially which do not belong to the European fauna, as ifar as known 
at present, none had been discovered in Badoboj, with the single 
exception of some species of Plecia, 

I will proceed now to the comparison of the Amber-diptera 
with those of the present age. If it were possible to compare 
the complete fauna of the Amber period with the now living 
Dipterous fauna of the globe, and, by such a comparison, to find 
out which of the families and genera have died out, or at least 
have become scarcer in the number of species, and in which the 
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number of species has increased, or even what new forms have 
been added to the previously existing ones, such a comparison 
would of course aflbrd the highest interest. But, unfortunatelji 
such an attempt is impossible, on the one side because of the 
as yet very imperfect Knowledge of the now living Diptera, on 
the other, because what we know of the Amber-Diptera is but « 
fragment of a district fauna. In confronting, therefore, both 
faunas, I will by no means try to discover and to establish dif- 
ferences between them of the above indicated kind, which would 
be a useless attempt ; my only aim will be to refute as erroneoos 
certain conclusions as to the existence of such differencea 
Among such conclusions I will especially advert to the two fol- 
lowing: first, that in the Amber period the relative proportion 
of the Diptera nemocera to the Diptera brachycera was greater 
than now ; second, that during the Amber period the limit be- 
tween the two sections of the Diptera was less definite, more ob- 
scured by intermediate forms, and that it became better defined 
only at a later epoch, through the disappearance of those inter- 
mediate forms. 

The reasons why I do not adopt the former of these conclu- 
sions result from my foregoing deductions, and it is unneces- 
sary to dwell upon them any longer. But I have to make some 
remarks about the other conclusion, inasmuch as formerly I 
was myself not disinclined to favor it, although I reject it now 
as founded upon erroneous premises. For a long time students 
of systematic Dipterology were wont to look upon the bound- 
ary line between those two sections, with regard to the living 
fauna, as a very well defined one, excluding any intermediate 
forms. My first researches among the Amber-diptera brought 
about the surprising discovery of two species, showing a dis- 
tinct transition between the two sections. I founded two new 
genera upon them, one of which I called Electra, in allusion to the 
Grreek word for amber, and the other Chrysothemis, to indicate 
its close relationship to Electra. Both combine the marijr-jointed 
antennae of the Diptera nemocera with the general structure of 
the brachycera. As long as no similar forms among the living 
Diptera from all parts of the world had been discovered, there 
was indeed some reason to suppose that the limit between the 
two sections was sharper now than in the Tertiary period, al- 
though our very incomplete knowledge of the living Dipterous 
fauna required some caution in drawing this conclusion. This 
caution was justified subsequently by the discovery of a North 
American species, published by Mr. Haliday under the name of 
Bachicerus Julvicollis, a species which not only forms a most de- 
cided transition between the two principal sections of Diptera, 
but shows even the closest relationship with Electra and Chryso- 
ihemis. My own studies of the North American fauna have 
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made me acquainted with three other intermediate forms of this 
kind, two from the United States and one from Cuba. These 
species also belong to the relationship of Ekctra, Chrysothemta 
and Rachicerus^ although they cannot be referred to either of 
these genera, so long as their present distinction, based upon the 
structure of the antennae, is maintained. The great diversity 
which they show in the structure of that organ, by the conform- 
ation of which they are distinguished from the whole tribe of 
the Dipiera brachycera, is striking, but not without analogies. The 
sections of the Diptera nemocera and brachycera are therefore con- 
nected by intermediate forms in our times, just as they were so 
in the Amber period, only these interme<Uate forms being foreign 
to the European fauna, were discovered in amber first, and after^ 
ward among the living insects. 

That among the amber Diptera there are many genera of which 
no living representatives are as yet known is beyond question ; 
I have had occasion to state this fact more in detail in my "Ob- 
servations on the Dipterous fauna of the Amber," published in 
1850. A part only of these genera owe their existence to the 
necessity of establishing for these fossil species generic distinc- 
tions ba^ed upon slighter plastic characters than those usually 
admitted for the separation of living species, and have therefore 
less claim to be taken into consideration here. Another portion 
consists for the most part of very striking species, easily distin- 

Suished from all the known living genera. But this circumstance 
oes not justify the conclusion that such Diptera are really stran- 
gers to the livmg fauna of our age; on the contrary, the results 
already obtained by the heretofore very incomplete investiga- 
tions, authorize the supposition that these genera may yet be 
found among living species. Several of these interesting genera 
have already their little history. May I be allowed to mention 
here some racts of this kind. 

One of the most curious discoveries made in amber is a re- 
markable ^enus, situated near Coeiwmyia and for which I have 
proposed the name of Arthropeas, on account of its peculiar sub- 
nliform antennae. Afler having found Arthropeas nana in am- 
ber, I received a closely allied species from Eastern Siberia, 
A. Sibirica m., and now 1 possess in A. Americana m,, a species 
from the United States which is even somewhat more nearly re- 
lated to A. nana. 

The genus Bolbomyia^ two species of which occur in amber, 
was remarkable for the difficulty of assigning a suitable loca- 
tion for it in the system, as among all the living Diptera no 
closely allied genus could be found. Of this genus I likewise 
possess now a North American species, unfortunately in a single 
specimen, the state of preservation of which does not allow a 
close comparison. 
▲ic. Joutt. ScL— Sbcomd Sirixs, yoL. XXXyU, No. 111.— Mat, 1864. 
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Dtplonema, remarkable for the elegant structare of its anten- 
naa, is one of the most striking genera of Psychodidce found ia 
amber; Slyringomyia^ a genus of the TipulidcB^ has a very pecu- 
liar aeuration of the wings ; both genera when I discovered 
them in amber were new. I was not a little surprised therefore 
when I found specimens of both genera together, enclosed in a, 
lump of copal. Unfortunately it was not possible for me to as- 
certain the country where this piece of so-called East Indian 
copal came from, although I still hope that a well-preserved 
beetle, contained in it, may help to solve this question. 

Among the amber Diptera I also found three species of a Tip- 
ulideous genus, which I called Ihxorhina; it is remarkable for 
its long, almost filiform, stiff proboscis, for the peculiar structure 
of its oral organs, and for the abnormal neuration of its wings. 
Later, I became acquainted with a living representative of this 
genus in Toxorhina fragilis from Jamaica, and still later I was led 
to recognize that Westwood's genus Limncbiorhynchus^ founded 
upon a Canadian and a Brazilian species, was, if not identical, 
at least very closely related with Toxorhina, 

Another very remarkable genus among the number of the 
TIpulidm occurring in amber, is the new genus Macrockile. A 
closely allied genus was recently described by Baron Ostea 
Sacken, in the Proceedings of the Academy of Natural Sciences 
of Philadelphia, under the name of Protoplasa. 

These instances, which could be increased by many others, 
will be sufficient to prove that it would be premature to conclude 
from the presence in amber of a number of genera, the living 
representatives of which have not yet been found, to the non- 
existence of these genera in the fauna of the present epoch. 

The result therefore to be drawn from the foregoing facts and 
from the considerations connected with them, is in general of a 
rather negative nature; and this result is, that the facts in our 
possession do not justify any conclusion as to the existence in 
the Amber period of forms totally different from those now liv- 
ing in any important parts of their organization — or, to adopt a 
more positive mode of expression, it seems extremely probable 
that the generic types which existed in the Amber period, have 
been preserved down to our time. The question whether the 
number of generic types has been perceptibly increased since the 
Amber period cannot be discussed at all, as we possess but a 
small fraction of the fauna of that time. 

If the generic types of the Diptera of the Amber period have 
thus been preservea to our time, the question naturally arises 
whether this is not also the case with the specific types, if not all, 
at least some of them. The general impression produced by the 
amber Diptera, even in a cursory examination, has so little of 
the character of novelty in it that we at once feel disposed to 
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raise this question and to proceed to the comparison with living 
species. Since the very beginning of my researches, that is, about 
seventeen years ago, I have very closely pursued this compari- 
Bon. I early found that some of the species enclosed in amber 
are not only closely allied to living species, but that they are sur- 
prisingly like them, and several sucn species, {Mochlonyx atavus 
with M, velutinuSy Diplonema longicomis with D, eucerus, Styringo- 
myia gracilis with St, pukhella,) were already at that time noticed 
by me. Their number has since considerably increased. At the 
same time however, with the acquisition of better specimens,' or 
of such as allowed a closer scrutiny of parts important for the 
discrimination of species, it became apparent that slight differ- 
ences could always be discovered, preventing the assumption of 
the specific identity of amber Diptera with the living species most 
closely resembling them. 

Those acquainted with the extreme difficulty attending, in 
many cases, the discovery of definite plastic characters for the 
discrimination of undoubtedly different species of living Diptera, 
will justify me if I attach less importance to the result of a single 
comparison of a fossil species, contained in amber, with an ex- 
tremely resembling living one, than to the general average of the 
results of such comparisons. And this is, as already noticed 
above, that with the increase in quantity as well as in quality of 
materials for comparison, the differences which could be traced 
became gradually more definite than they were before, with 
poorer materials. Thus, not only do we not possess any sufficient 
proof of the identity of any one species, contained in amber, 
with a living one, but the results heretofore obtained render it 
extremely probable that a still greater increase of materials for 
iftvestigation will enable us to discover specific distinctions even 
in the few cases which appear as yet doubtful. 

Nevertheless the relation between the amber Diptera and the 
living species so closely resembling them is a very peculiar one. 
It consists for the most part chiefly in a somewhat different shape 
or a different relative size of one or several parts of the bodfy, 
the structure of the whole and the shape of the other parts be- 
ing most remarkably similar. The relationship, therefore, be- 
tween such species is so strikingly close, that it naturally sug- 
gests the idea of a genetic connection, and maintains it against 
all possible theoretical objections. The impression that the liv- 
ing species, connected by such a close link of relationship to 
some'amber Diptera, are not new additions to the number of old 
species, but are so to say, the transformed old species, is in my 
opinion irresistible to any unprejudiced observer. 

The researches on the geographical distribution of the living 
species so closely related to some species enclosed in amber, lead 
to a very remarkable result. The gradual development of this 
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result in the course of my researches took place as follows. It 
appeared at first that the living species of the indicated kind 
were scattered irregularly and at random over all the parts of the 
globe. Further inquiry not only increased the numoer of such 
related couples of species, but allowed also very frequently to 
replace the living species of some previously discovered pair by 
some other, still more closely alliea to the fossil one. The fur- 
ther the research was pursued in this direction, the more it be- 
came evident that the living species of these pairs have a very 
definite geographical distribution, as being gradually eliminate 
from the other parts of the world, they tended more and more 
to coQceutrate in Europe, and in a much higher degree in North 
America* 

I readily acknowledge that my researches have necessarily 
been influenced by a purely personal coeflScient, which has to be 
taken into account, in order to establish the absolute value of 
the result obtained. This personal coefficient consists in the nu- 
meric proportion of the living species from different parts of the 
world, which could be subjectea to comparison, as well as in the 
more or less complete knowledge I had of the Dipterous fauns 
of the different continents. The European Dipterous fituna is 
naturally the best known to me ; next comes the North Ameri- 
can fSfiuna, which I know better than that of all other extra- 
European countries, excepting perhaps that of the Cape, as I 
possess from that region more than 800 species, collected within 
a comparatively limited territory. It is therefore unquestionable 
that the result obtained by me requires a correction, before it 
can have a claim to an absolute value. But should I even in- 
troduce this correction in the highest measure admissible, still 
enough will be left to enable me to assert with the utmost car* 
tainty that those among the living Diptera which most closely 
resemble the amber Diptera, abound in a most prevailing degree 
in North America and especially between the latitudes of aboat 
82° to 40°; that a more limited number belong to Europe, and 
that, among the Diptera of the other parts of the world, hereto- 
fore none can be pointed out which stand to amber Diptera in 
the same relation of extremely close resemblance, as some Euro- 
pean and North American species, and only very few to which 
some amber Diptera are more allied than to any other known 
living species. 

The lacts just explained become especially striking through 
the circumstance that those genera of amber Diptera, which oo 
not occur in Europe, and which for this reason attracted more 
attention from European students, were in part discovered in 
America, and are in part replaced there by closely allied genera. 
With regard to this, 1 will remind only of what has been said 
above on the geujera Diphnema^ Toxorhina^ Styringomyia, Ske* 
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tra^ Chrysothemis^ Ariliropeas^ Bolbomyia and Sphyracephala. The 
contrast between the <Jose relationship of the North American 
Diptera with those of the amber on one side, and on the other 
the almost absolute absence of any such connection between the 
amber fauna and the living Dipterous fauna of the other parts 
of the world, this contrast is strikingly illustrated by the fact 
that among nwre than 800 species from the Cape closely scrutin- 
ized by me, there was not a single one which showed any re- 
markable degree of proximity to species contained in amber. 
The species of Carsomyza^ at home in that region, are without 
exception the only ones which are represented oy a Dipteron in 
amber^ more allied to them than to any other kind at present 
known. We may therefore safely adopt as a final result of the 
researches made by ua, and one that will probably be never con- 
troverted, that the amlDer Diptera stand in a much closer relation 
to the North American and to the European Diptera, than to 
those of any other fauna. This relation proves to be, in Europe 
as well as in North America, identical in its nature, and to any 
observer, unprejudiced by theories, irresistibly suggestive of a 
causal connection;; it only differs in degree — the relation with the 
North American fauna being so much richer in points of contact| 
and therefore so much closer, than that with the European fauna. 

This peculiar double relationship of the amber Diptera with 
the Diptera of North America and of Europe, two parts of the 
world separated by an ocean, led me to a closer comparison be- 
tween the faunas of these continents, the results of which com- 
parison I intend to submit in a detailed report on some other 
occasion. However, as these results have some connection with 
my researches on the amber Diptera and contribute to complete 
the sketch of the relation between the latter and the living spe- 
cies, I may be permitted to encroach a little longer upon the 
patience of my hearers, and to explain to them, omitting all 
detail, the progress of this new research and the principal facts 
elicited by it. 

The comparison of the North American Diptera with the 
European ones was rendered possible to me, on a very extended 
scale, through the study oi the collections of Baron Osten 
Sacken^, this comparison showed a surprisingly large number 
of species common to both continents.' Besides these species, 

* As sQch species, comxnoo to both continents, I can name with certainty and 
from personal investigation, the following : Anopheles maeulipennU Meij?., Ano- 
pheles quadrimaculatue Say (=pic^u« Lw), Anopheiee nigripee Staeg., Thnypui 
ehoreut Meig., Ceratopogon lineatiia Meig., Cecidomyia destructor Say (ssfuneHa 
Motch., $=s secalina Lw.), Seatopse airata Say (= reeurva Lw.), Seaiopse notata Linii., 




belonged to the old world, EHstalis csnetts Scop. (= nneerua Harris), Imatimna jwt- 
ticata Fab. (s^cimbieiformis Fall), Syrittapipieiu Linn., Xyloiapigrtt Fab. (ssT 
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absolutely identical and showing no difference whatever, a large 
number of species has to be recorded, which, if they had been 
found in Europe, would certainly have been considered onlj as 
slight varieties of other well-known European species, as their 
only deviation merely consists in a slight difference of coloring; 
but this difference being a very constant one, it becomes extreme- 
ly diflScult to decide whether such species should be considered 
as specifically distinct from the corresponding European species, 
or as identical with them.* A third, not less numerous category 
of species, shows, besides these slight but constant differences 
in coloring, some very insignificant plastic discrepancies; for in- 
stance, in the size, in the length of the hairs on the body, in the 
relative length of the wings or the legs to the whole body, etc., 
differences which, in order to be brought to light, sometimes re- 
quire the comparison of a whole series of specimens.* A fourth 

matoden FaK), Platychirun granditarnts Forst., Brachyopa ferruginea Fall., Sceno' 
pintm /ene»trali« Linn. (:=■ pallipen Say), t^cenopiwin Icevifront Meig., Dofichoput 
brevipennin Meig., Dot, plumipea Scop., J)oL diseifer Stann., Scellua tnnnimanwt Ztitf 
Pttilopun pcUlenn Wied.. (=ai6ono^a/u« Lob w), Oetttrw bovin Fab., dephalomyia Ovit 
Linn., OoMtrua Egui Linn., Melannphora roralin Linn., PoUenia ruain Fab., Mvtea 
domeHiea Linn., Cyrtoneura meditabunda Fab., C. Ktabulaus Fall., Mesembrina rt' 
tplendent, Stamoxyn calcitrans Linn., Anthotnyia diaphana Wied., Anihom, tiygia 
Heig., Arieia mnrioidet Zett, Hylemyia Angelica! Scop., Nydrataa dentipea, UyU' 
myia urbana Meig., //omalomyia canictUariit Lin., ff, subpeltttceriH 2^tt., JJ, numietUOt 
U, McalarU Fab., ffydrotcea armipet Fall., Ophyra leueoatoma Wied., LUpe tdiginom 
Fall.. Scatopkaga sqtuUida {=iS.yurcata Say?) Scatophaga ttercorea Lin., Cordylura 
hirewii Sapromyza iuptdina Fab., Scyphella Jlava Linn., La%ixania cylindncomu 
Fab., Laitx4inia frontalis Lw., Puila bicolor^ Sdomyza nana Fall, Sciomyza abtwa 
Fall., Sciomyza albocostata Fall., Dryomyza anilis Fall., Blepharoptera intft*«, Ortalit 
vibran* Linn., Ortalis cana Lw., Piophila Casei Linn., Piophila nigricept Meig., Pio- 
phila petoftionis R. Desv., Heteroneura albimana, Borbo)-tta equinu^ Fail., Dro»opkiUi 
ampelophila Lw., Dron. transversa, Dro*. graminum, Slegana nigra Mei^., Stegana 
hypolettca Meig., Vichceta caudata Fall., Dichceta brevicauda Lw., Scatella guadrata 
Fall., Scatella Stenhammari Zett., Oehthera mantis Deg., Ilythea spilota HaL, Melo- 
phagtts ovinus Linn., Otfersia Ardece Macq.. Hippobosea equina Linn. 

Besides a great many other species, the ocxsurrcnce of which on both continents is 
recorded with less certainty, the following European species are found in Greenland, 
according to Stseger*s trustworthy statements: — Diamesa Waltlii Meit^., Chirono- 
tnus bifssinns Meig., Chironomus aterrimtts Meig., Chironomus picipes Mei^., Trieluh 
cera maculipennis Meig., Sciara fiavipes Meig., Callipkora erythrocephala Meig., and 
Phytomyza obscurella Fall. 

[Rhipidia mcumlata M. and Symplecta punctipennis may be also added with cer- 
tainty.— O. Sacken.] 

' As instances of such species may be recorded here : the NoKh American Sub- 
ida pallipes Loew, and the European iS. marginata Meig., Chrybotoxum sp. indescr. 
and Chryttotoxum biHnclum Linn., 7'etanocera pictipes Lcew, and T. Umbrarum Lion., 
Tctanoeera saraiogensis Fitch and T. PrcUorum, Fall., Hemerodromia valida Lw. and 
ff, Frigelii Zett. 

^ Here may be named: Bombylius fraterculus Wied. and the European B, major 
Linn.; Ckrysotoxtmt sp. indescr. and Chrysotoxum fasciolatum Deg., Ilefophiius»p, 
iodescr. and H.frutetorum Fab., Lucilia sp. indescr. and L. ccssarion M., Cyrtoneura 
sp. indescr. and G. assimitis Fall., Gymnosoma par Walk, and G, rptundaia Linn^ 
Gordylvxa sp. indescrip. and C. pudica Meig., Allophyla testis Lw. and A. nigri- 
eomis Meig., Trypeta fratria Lw. and T. Heraclei Linn., Grtalis rufipes Loew and 
0. marmorea Fab., Drosophila sp. indescr. and D.funebriSt Mphydra atr<mrenslaiw 
and S, tnieans HaL and many other species. 
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group may be formed of the likewise verjr numerous species 
whicli, although so like some European species as to be at first 
glance mistaken for them, show upon nearer examination very 
aefinite plastic characters. The discovery of these characters 
often requires a great deal of attention ; nevertheless they are of 
such a nature that the comparison of even single specimens 
leaves no doubt as to their specific differences.* 

The large number of species contained in all the four groups 
shows that the Dipterous fauna of North America is not only 
very much like the European fauna, but that there is between 
them a relationship of a more intimate kind, which is to be com- 
pared only with that uninterrupted succession offered by the Dip- 
terous fauna of the whole northern part of the Old World. 
There are no other two countries on the whole globe, so far re- 
moved from each other and showing at the same time anything 
approaching this relationship in the Dipterous foun as; generally 
other countries have but a small number of such species in com- 
mon, which occur in both in absolutely identical specimens or 
only slightly different in coloring; otherwise their faunas have 
no points of contact whatever. 

In order to form a more definite opinion on the origin and the 
nature of this close connection between the Dipterous faunas of 
Europe and America, it is necessary to elucidate somewhat more 
in detail the facts relating to this connection. 

The laws regulating the distribution of the Diptera are some- 
what different from those of the other orders of insects ; and this 
difference is due to the considerable power of flight which many 
Diptera possess, and to the simplicity of the conditions under 
which they can live and their brood can prosper. As the Libel' 
lulidcB show in this respect the nearest approach to them, the laws 
of their geographical distribution may also be the nearest to 
those of the Diptera. The latter laws differ from those of the 
other orders of insects, by the wide area of distribution of the 
single species and by the configuration of these areas. They are 
not nearly the same for the species of all families, but vary ac- 
cording to families, so that the climatic character is most clearly 
expressed in those which have the smallest area, as for instance 
in the family oi AsiUdce and some others. Although it can be 
admitted, as a general rule, that the extent of the area of distri* 
bution is in direct proportion to the power of flight and the sim« 

* Ar instances of such species may be named : Chrynopila qitadrata Say and 
Ohrytopila nubecula Fall. LeptU vertebrata Say, and LeptU annulaia Deg.« Leptu 
Meapufarit Ixbw and Leptu lineola Fab., Alherix vidua Walk, and Atherix immaeU' 
lata Fab., Arthropeas mnerieaiia Loew and Arthropeas ttbirica Loew, Chrywtoxum 
pubetteena Loew and Chryaotoxum octomacula/um Curt., Volucella evecta Walk, and 
Volucella bombylann Linn., Helomyza Miimilia Lo9w and Uelcmyta Nemontm Meu^., 
JSdomyza lateritia Jxb^ and Helomyza flava Meig., Sepedon puHllut Loew. and St" 
pedon epitdpeM Scop., Philygria oppotita Lobw and Philygria punetato-nervoia FalL 
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plicitj of the conditions required for the existence of a specio^ 
still some families show in this respect peculiarities which do 
not find a satisfactory explanation in those two causes. 

On account of the very great extent of the area of distribu- 
tion of the Diptera in general, the faunae of distant countries 
have many more species of this order in common, than of any 
other order of insects. The same causes on which this extent cf 
distribution depends facilitate even in our days the importation 
of Diptera much more than that of other insects, through tbe 
intercourse between countries. It is well known that Musca do- 
mestica has followed the European settler everywhere. Wher- 
ever man penetrating into distant countries has carried provis- 
ions of smoked meat and cheese along with him, PiophiUi Peta- 
eionis and Casei have accompanied him. They occur in Green- 
land, as well as on the Gallopagos Islands, in the land of the 
Egyptian Fellahs as much as in the backwoods of North America. 
Where horse and sheep have become acclimated, Gastrus Eqm 
and Cephahmyia Ovis have settled with them. Bombylius punc 
tatus and Toxophora maculata^ the powers of flight of which ac- 
quire, with the increase of heat, very great energy, are found 
everywhere between Southern Europe and the Cape, and the 
beautiful Symmictus costatus is found together with them, from 
Spain to the southern extremity of Africa. The barrier of a 
sea is not sufficient to stop the progress of the unwieldy 01 
fersia Ardea^ as it has the neron for conveyance, and Anapkra 
pallida, although unable to fly, occurs wherever the swallow 
builds its nest. The simple conditions required for the existence 
and the reproduction of Medeterus incequalipes, common on the 
shores of Sweden, allowed this species to spread all over the 
coasts of Europe and of Africa, as far as the Whale Bay. The 
species living on cultivated plants have acquired a wide area 
with them, as for instance several of Oscinis and Chlorops with tbe 
cereals, also the noxious Ctcidomyia destructor. Petalophjora cap* 
itata occurs wherever the orange and the lemon are cultivated 
and with the extension of the culture of the olive-tree, Dacus 
Olea has followed it. 

It would be easy to multiply instances of this kind. Those 
above given are however sufficient to show that immense dis- 
tances and wide seas are no insuperable obstacles for the spread- 
ing of Diptera, and that a lively shipping intercourse between 
two countries may easily carry over species from one fauna into 
another, and, the circumstances being favorable, even perma- 
nently colonize them. It is no wonder therefore that America, 
which for a considerable period of time has been in constant and 
always increasing intercourse with Europe, should have with the 
latter so many species in common. It would be more wonde^ 
fol if this had not taken place. But a different question is, 
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whether the existing intercourse betweeti the two eontinents is 
sufficient to account for the large number of species common to 
both. I am satisfied that it has to be answered negatively. 

In order to investigate the influence of a prolonged intercourse 
of this kind between two countries separated by a sea, I have 
repeatedly directed my attention to the comparison of the Dip* 
terous faunas in the countries surrounding the Mediterranean. 
These investigations, for which I possess abundant materials, 
have made me, as far as it was possible, thoroughly acquainted 
with the influence exercised by an intercourse of this kind on 
the intermingling of the faunas, and have afforded me a measure 
of this influence. In drawing a conclusion from the extent of 
these influences in the countries adjacent to the Mediterranean^ 
to the extent of the same influences as existing in consequence 
of the intercourse between Europe and America, we have to 
take into account the comparatively recent epoch when this lat- 
ter intercourse began, the much greater distance between the 
two continents^ and before all, the much greater length of time 
required for a passage between them, especially in former years. 
In view of all these causes, tending to diminish the probable 
influence of the intercourse on the intermingling of the faunae, 
we cannot possibly admit that the occurrence of such a large 
number of species, common to both sides of the ocean, should be 
merely the result of an intermingling brought about by this in- 
tercourse. It should be borne in mind that it is not with one 
or two dozens of species that we have to deal, but with a num- 
ber already reaching the second hundred, and that stich speeies, 
found on both continents, far from being, in either of them, 
rare guests of sporadic occurrence, are eaually common in both, 
80 as to necessitate a serious revision of the synonymy of the 
described European and North American species. I will readily 
admit that Musca domestica^ Cyrtoneura Hortorum^ C, meditahunda 
and C. stabulans, as well as Pollenia rudis, have been imported 
from Europe to America; it can hardly be doubted that Scetiopinue 
feneslralts and S, Icevifrona can easily be brought over in ships; 
the conformity of many species of Scatophaga and of Barborua can 
be explained in the same way ; the reason of the occurrence of 
a number of the same species of Drosophila, in both countries, is 
easily found in their mode of life ; nor will it appear very extra- 
ordinary that Drosophihx ampelophila, discovered by me in im- 
mense numbers in the raisin-stores of Smyrna, should be ft com- 
mon insect in Cuba; it is also a fact, that the North American 
Malhta posticata has been several times caught in Europe and de- 
scribed as a European species, under the name of Af. cimbiciformia ; 
that Eristalis ceneus^ not rare in North America, should be a de- 
scendant of European parents, is easily possible, as a ship affords 
the necessary conditions for the preservation of the larv^ It 
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trill be more difficult, however, to explain how Ilyihea sjnliAa^ 
DuAtBta caudata and D. hrevkavda^ Ochthera Mantis^ etc., should 
have crossed the sea. The importation of some species, as, for 
instance, of the beautiful Psihpus aJbinotatiLSj discovered by me 
in Bhodus, seems almost inexplicable, and still this species is 
perfectly identical with the North American P. pallens. That 
all the species, now occurring on both continents, should have 
been gradually carried over from one to the other is utterly im- 
probable. If we admitted this supposition, then, considering 
the large increase of the intercourse within more recent time, 
and the shortness of the passages now attained, we should also 
admit that most cases of importation have taken place, if not 
within the last ten or twenty years, at least during the last 
half a century, and secondly, we would have to infer that this 
importation of species was a reciprocal one. But if the latter 
was the case, the study of the European Diptera would have 
long ago detected the existence of these large importations from 
America; the Dipterous fauna of England especially, owing to 
the most frequent intercourse of this country with America, 
would have shown evident traces of such exchanges of species; 
in our sea-ports likewise, the appearance of single species of re- 
cent importation would have been noticed and their spreading 
from these centres, observed. Although I readily admit that 
the knowledge of the European Diptera is still very imperfect, 
nevertheless occurrences of this kind, owing to the large num- 
ber of cases, would not have escaped attention. We have to 
conclude then, for the present, that the importation of species 
through the agency of frequent intercourse, does not aflord a 
sufficient explanation of the large number of species common to 
Europe and North America. 

As to those North American species, which are distinguished 
from European ones merely by a diflference in the coloring, the 
question arises, whether they can be considered as descending 
from the same stock. It is an undoubted fact that species with 
a wide area of distribution show, in very remote parts of this 
area, a perceptible diflference in coloring, sometimes even a very 
decided aberration in the picture. Such is, for instance, the case 
with Anthrax bi/asciataj which shows toward the east a much more 
pronounced contrast between the white and the black coloring 
of the body, and acquires besides some slight, but very definite, 
peculiarities in the picture of the wings, so that an eastern speci- 
men can be immediately recognized among a number of German 
ones. — Still better known is the influence which certain regions 
exercise on the coloring of all the species occurring there; this 
is, for instance, in a very striking degree, the case with Iceland. 
A collection from that country, at a cursory view, seems to con- 
tain many new species, but upon closer examination, these spe- 
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cies prove to be merely varieties of well known European species ; 
they owe their existence to the propensity of all colors to merge 
into black and to the greater extent and intensity of the black 
itself, so that a light-colored picture upon black ground becomes 
much narrower or even disappears altogether. It can be like- 
wise shown, that more confined localities exercise a similar, al- 
though less pronounced, influence on the coloring of the species. 
Under these circumstances, the question whether the North 
American species, above alluded to, are of the same descent with 
the corresponding European species, must be answered by aa 
affirmation. 

The same question may be proposed about those North Ameri- 
can species which deviate from European species only by slight 
plastic diflferences, often merely a small variation in the size. of 
some organ, or in the length and density of the hairs and bristles. 
Similar modifications are sometimes observed among specimens 
of European species. Thus the specimens of Oymnopternus SahJr 
hergi\ caught in the southern parts of Switzerland diflfer so much 
from the Swedish specimens by the hairs and bristles on the first 
joint of the middle tarsi of the male, that they might be taken 
for diflferent species, if all the intermediate forms did not occur 
in the countries lying between those two extremes. Still more 
striking is the difference between the male specimens of JEmpis 
maculata Fab., (not the Empis variegata confounded with it by 
Meigen,) caught in southern Germany and Sicilian specimens, 
the latter having on the fore tarsi hairs of unusual length and 
stoutness ; the specimens from Lombardy are still a good deal 
like those from southern Germany ; in those from Florence the 
hairs on the fore tarsi are already quite conspicuous, and they 
are still longer in the specimens from Bome, so that in this case 
the specific identity is proved by a gradual transition. Under 
such circumstances, the question, whether species showing but 
slight differences of the indicated kind should be considered as 
derived from the same stock, cannot be answered negatively. I 
readily acknowledge that it is rather difficult to state modifica- 
tions of what parts in the Diptera have to be considered as es- 
sential and which as unessential, as different rules prevail in this 
respect in every family, in many families even in every genus, 
rules which a special research alone can determine. The only 
tolerably reliable general law prevailing in this case is, that all 
modifications in the structure of the mouth or of the genital 
organs are of the highest importance, whilst, on the contrary, ^ 
all the other differences, observable even in the two sexes of 
the same species, are the least important. 

We have now reached the category of those North American 
species which show a great resemblance to European species, 
but possess at the same time very definite plastic distinctive 
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characters ; for brevity's sake I will call them analogtms species. 
If we put now the question, whether it is to be assamea, that 
such analogous species may possibly have a genetic connection, 
we will find that all observations hitherto made on living Dip- 
tera warrant a negative answer. There is not a single instance 
on record which would justify the conclusion that under the now 
prevailing natural conditions, any species could be modified in 
that way, either through climatic influences, or in consequence 
of a oompulsory change of food or through the contact with 
some other species. I do not deny that every time I compare 
3uch analogous species, the question forces itself upon my mind 
whether that, which seems impossible now, was not possible at 
some former period, as the impression left by such a comparison 
is most decidedly that of a common origin. 

The European and the American Dipterous faunae always ap- 
pear to me like two branches of the same stock, each having had 
a development of its own, very similar however to the develop- 
ment of the other. But if there really was such a common 
stock for both, it is to be sought among the Diptera of a former 
geological period, and if the European and the North American 
Dipterous faunee are to be considered as branches of this stock, 
the necessary inference would be that at a former period Europe 
and America had a continental connection. 

Are the amber Diptera preserved fragments of this common 
stock? — Did a continental connection between Europe and 
America really exist at the time when they lived? — Did the sub- 
mersion of an Atlantis tear asunder the branches of this stock? 
Was this catastrophe accompanied by changes which modified 
the general laws of development of the common stock in sach 
fk manner as to produce a difference between the further devel- 
opment of the stronger American branch and of the weaker 
European one, a difference not excluding at the same time a 
great deal of analogy ? 

AUow me to conclude my discourse with these unanswered 
questions. All those problems to which the study of the living 
and fossil Diptera affords a solution, or at least seems to affora 
one, I have dpne my best to answer. In doing this, I purposely 
remaioed within the exclusive limits of Dipterology, partly ow' 
ing to my conviction that the interest of truth is best promoted 
when one confines himself to the investigation and discussion of 
a question from the point of view of his own speciality, partly 
because condemned as I am to a total literary isolation and ab- 
sorbed now for years with utterly unscientific occupations, I am 
but very imperfectly acquainted with the researches made in a 
similar cUrection^ especially with th,Q;Be .of ^ater years. 
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Aet. XXVIIL — Abstract of Prof, Meissner^s Researches on Oxjf' 
gen, Ozone, and Antozone;^ by S. W. Johnson. 

Dr. Meissner has submitted the ozone and antozone question 
to an extended and masterly investigation ; at least such is our 
impression from a careful perusal of his treatise, an octavo vol* 
nme of 870 pages, the preface of which bears the date of Feb., 
1863. This book is appropriately dedicated to Schonbein, 
whose name will stand in imperishable connection with the re- 
markable discovery of the triple nature of oxygen — a discovery 
which must, ere long, give us a new insight into the relations of 
matter to force, and modify, in a radical manner, some of the 
doctrines now current in science. 

In the preface it is distinctly announced of ozone and anto- 
zone that one of them can not be formed without the other 
jsimultaneously appearing. This is a discovery of the utmost 
importance, and we shall endeavor to present briefly the author's 
Arguments in proof of its reality. 

In the Introdiiction is presented a concise but comprehensive 
isketch of the history of the ozone question up to date of pub- 
lication. Section I. bears the heading: The relations of 
ELECTRICITY TO OXYGEN, and is divided into two chapters, of 
which the 1st, of 200 pages, relates to Electrized Oxygen, and 
the 2d to Ozone and Antozone. These headings are made ap- 
propriate by the history and progress of the investigation rather 
than by its results. The second section, of 72 pages, is enti- 
tled : The polarization of oxygen in the act of combus- 
tion; and the concluding section, of 84 pages, Ozone and 
Antozone in the atmosphere. In section I, Meissner states 
that the object of the first part of his investigation is to ascer- 
tain whether, as all previous experiments would appear to show, 
the effect of electricity on oxygen is simply to convert it, or a 
part of it, into ozone, or whether, as Schonbein in 1861 had 
assumed from theoretical grounds, the ordinarv inactive oxygen 
is polarized into the two opposite oxygens, the negative-active 
ozone and the positive-active antozone. 

To electrize oxygen the apparatus of von Babo {Verhandl. der 
Naturforsch. Oesellschafl zu Freiburg, ii, p. 831), imitated from an 
instrument of W. Siemens {Pogg. Ann,, 1857, B. xii, p. 66, p. 
120) was employed, in which ozonization takes place in a thin 
stratum of air, and is determined by the silent discharge from 
poor conductors. This apparatus is made as follows: twelve 
very fine copper wires, sucn as are used in covering violin strings, 
and about five decimetres long, are inserted each into a very 

^ Uhternichungen iiber den SauejnUoff von Pr. O.. Msisnfxa, Professor in Gottiii* 
fen. Mit einer LithographlrteD T«iel HaDnover, 1868. 
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thin glass tube somewhat longer than itself and about 0*8 mm. 
in width. Each of these tubes is sealed at one end. Into the 
other end is fused a wire of platinum which, within the tube, is 
twisted with the copper wire, and without the tube projects an 
inch or so. The twelve tubes thus made, are arranged within a 
glass tube 7 mm. wide and 6 decimetres long, so that the pro- 
jecting platinum wires of six of them are at one end and those 
of the other six are at the other end of this wide tube. These 
two sets of wires are each twisted about a larger platinum wire 
which passes through and is fused into the wall of the wide tube. 
The tuoes of the one bundle are distributed among those of the 
other as equally as may be ; they are, moreover, in close con- 
tact, and the spaces surrounding them are as narrow as possible. 
On connecting the extremes of these two series of inclosed wires 
with the electrodes of the secondary coil of a powerful induc- 
tion apparatus, the electrical discharge takes place through the 
walls of the narrow tubes and through the air that surrounds 
them. The discharge is unattended with sparks, and on ap- 

f.roaching the ear only a faint crackling sound is perceptible, 
n the dark the bundle of fine tubes shines throughout its 
whole length with a reddish-violet light. During the electrical 
action the air bathing the small tubes is powerfully ozonized. 
By adapting suitable apparatus to the large tube the ozonized 
air may be removed ana submitted to examination, and its place 
supplied with fresh air, at pleasure. In Meissner's resarches the 
air of this ozoniser was renewed by the pressure of a gasometer. 
It was found necessary that the air should be perfectly dried 
before being subjected to electrization. In endeavoring to effect 
this object the author had no little difficulty. He finally accom- 

{)lished it by the use, first, of a wide tube, more than a meter 
ong, filled with chlorid of calcium, and secondly, of two or 
three wide tubes, 1-1^ metres long, filled with coarse glass beads 
drenched in oil of vitriol. 

The perfectly dry air, after traversing the ozonizer, was sub- 
mitted to the action of reagents in receivers of glass connected 
with the ozonizer by means of a mercury joint, this metal being 
unaffected by dry ozone. 

The first point Meissner sought to investigate was whether 
dry electrized air, after being deprived of ozone, possessed prop- 
erties other than those of common oxygen and nitrogen. He 
found that by transmitting it through a strong solution of iodid 
of potassium it was readily and totally deprived of ozone ; the 
stream of air thus deozonized exhibited nothing remarkable 
until it had been passed through pure water, but, as it emerged 
from the water, it appeared in the form of a thick white mist^ per- 
fectly similar to that formed by the cooling of steam, which was 
sometimes so dense as to render the part of the small vessel 
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filled with it quite opake. There was do perceptible change of 
temperature, and the mist was formed equally well whether the 
water traversed by the deozonized air indicated 36° or 0° 0, 
The mist also appeared when the stream of air merely passed 
through a moistened tube, and sometimes the cloud formed at 
once, when the air escaped from a somewhat dilute solution of 
iodid of potassium ; but in case this solution was concentrated, 
and especially when the air on leaving it streamed through a 
chlorid of calcium tube, no mist appeared until the air came in 
contact with water. 

The appearance of the mist strictly depends upon the action of 
the induction instrument. When it ceases to work, the mist 
disappears, allowance being made for the time occupied by the 
air-current in traversing the apparatus. The mist is denser or 
rarer the more or less vigorous the electrical excitement. The 
same cloud is formed when other deozonizing agents are employ- 
ed instead of iodid of potassium, viz: pyrogallic acid, and like- 
wise, when, in the absence of a reducing solution, the dry elec- 
trized current comes at once in contact with water. 

Further experiments demonstrated that the cloud is formed 
when pure oxygen gas, prepared either by electrolysis or from 
chlorate of potash, is submitted to the electric influence and sub- 
sequently treated as above described, while that under the same 
circumstances pure nitrogen and pure hydrogen sujQTer no appar- 
ent change. 

The author found himself thus led to the conclusion that when 
oxygen is subject to electrical action there is formed simultane* 
cusly with ozone another modification of oxygen which he naturally 
sought to identify with Schonbein's antozone. In this however 
he failed at first, and hence adopted, and for a time employed, 
for this cloud-forming state of oxygen the name atmizone (axfti^oi^ 
I smoke or fume). Finally, however, there was left no reason- 
able ground for doubting the essential identity of atmizone and 
antozone. 

The cloud produced when ozonized air slowly bubbles through 
water is heavy, rests on the surface of the liquid, and when a 
vessel full of it is inclined it flows over the edge and falls like 
carbonic acid. By conducting it through a tube to the bottom 
of a dry glass cylinder, it displaces the air, preserving a sharply 
defined boundary, and by gentle agitation is easily broken into 
cloud-like masses. 

When a large dry flask is nearly filled with the antozone mist, 
then well closed and left to itself, the mist gradually becomes 
thinner, less opake and less defined at its boundaries, and in 30 
to 45 minutes vanishes altogether, leaving a clear atmosphere; 
while upon the walls of the flask water is deposited, at first to a 
slight extent, afterward accumulating in droplets which finally 
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flow together to the bottom of the vessel. This disappearance 
of the mist is entirely spontaneous, and independent or cbangeg 
of temperature. It is impossible to reproduce the mist in the 
air out of which it has disappeared, by contact with more water. 
The water which precipitates from the cloud may be perfectly 
pure, though it is not so always. The air remaining has all the 
characters of the ordinary atmospheric mixture. 

Antozone has thus the property of taking up water, conferring 
upon the latter the peculiar physical conditions of a cloud or 
mist, and after a short time depositing it again in droplets as it 
itself is transformed into ordinary oxygen. 

By passing the antozone mist into desiccating substances, as 
cUorid of calcium, it is deprived of water, the antozone becom- 
ing transparent, but retainmg its faculty of giving a cloud when 
brought again in contact with water. Many strong saline solu- 
tions likewise deprive antozone of water ; hence the non•appea^ 
ance of the oloua when the stream of electrized air emerges from 
a strong solution of iodid of potassium. It does appear however 
when the solution is sufficiently dilute. 

By comparing the capacity for water, of a stream of ordinary 
air or oxygen with that of an electrized current of the same vol- 
ume at the same temperature, Meissner found that the latter was 
nearly double the former, as measured by the increase in weight 
of a chlorid of calcium tube. This eminent hygroscopic capa- 
city of antozone accounts for the difficulty of drying electrized 
air completely and explains how Baumert found hydrogen in 
his experiments when using an apparatus which was capable of 
drying common air perfectly* 

In the dry state antozone likewise reverts to common oxygen 
as shown by a gradual decrease of power to form a cloud with 
water. This conversion goes on, however, more slowly than 
when it is moist, occupying 1 to 1^ hours for its completion. 

Under the conditions in which antozone so quicklv disappears, 
ozone is, on the contrary, very permanent, and although when 
a mixture of the two active oxygens is placed in contact with 
water (and glass) only, in a stoppered flask, some ozone is de- 
stroyed during the reversion of the antozone, the larger residual 
Eortion remains almost if not quite unaltered for months. The 
igh temperature, 235° to 240° (Andrews), which at once destroys 
ozone has the same and an equally instantaneous effect upon 
antozone, whether the latter be dry or moist. Antozone, moist 
or dry, also reverts to common oxygen by contact with platinum- 
blaclc, or with the binoxyds of manganese or lead. 

The deportment of antozone as above described, is modified 
by the presence of ozone. When the current of electrized air 
or oxygen is divided into two equal parts by being forced from 
he main tube into two smaller divergent tubes, ana one of these 
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branch currents is deozonized, the other passing on unaltered, it 
is found when they emerge from a vessel of wat^r that the cloud 
formed by antozoDC is much denser in the deozonized current 
than in the other. Meissner's experiments lead to the conclu- 
sion that when antozone, ozone, and aqueous vapor are in con- 
tact, in the first place, the attraction of antozone for water is 
diminished by the ozone, and, in the second place, the presence 
of ozone causes a much more rapid destruction of antozone than 
happens otherwise. 

Meissner deems it highly probable that antozone and ozone 
are produced in equivalent quantities in the electrized oxygen, 
though we as yet possess no experimental data on this subject. 
It is probable that in so far as ozone causes the destruction of 
antozone (moist), both revert to. common oxygen in equivalent 
quantities. Since however ozone is much more permanent of 
itself than antozone, it is not to be expected that in a mixture 
the two will disappear to an equal degree. 

As regards the behavior of a mixture of ozone and antozone 
in absence of moisture^ the author makes the following observa- 
tions. Antozone when mixed with ozone, both being dry, re- 
verts to inactive oxygen much more slowly than happens either 
when the two exist together in the moist state or when dry ant- 
ozone alone spontaneously undergoes this change. He also finds 
on the other nand, that when antozone does vanish from the dry 
mixture, it involves in its change more ozone than disappears 
firom the rapidly altering moist mixture. 

Meissner proceeds to an experimental comparison of his Atmi- 
zone, (which name we may use provisionally,) with Schonbein's 
Antozone. The first point was to ascertain if atmizone could 
ozydize HO to HO, as Schonbein found true of antozone." In 
examining this question the author was led to repeat Schonbein's 
experiments on the production and reactions of HO,. He con- 
firmed the observations of the latter concerning the character of 
4he ^as evolved from a mixture of BaO, and HO, SO 3, and its 
capaoility of oxydizing HO to HO3. The simplest mode of 
preparing a pure solution of HO3 is to support a short, narrow 
tube containmg pure HO, SO 3 within a larger tube or bottle an 
inch or so in width, furnished with a ground-glass stopper, and 
filed with water nearly to the top of the smaller tube. BaO, is 
now added in small quantities, at intervals, to the HO, SO 3, ele- 
vation of temperature being avoided as far as possible, and the 
bottle being closed after each addition. The oxygen evolved in 
this process mostly appears, however, in the ordinary inactive 
state, and the sqlution of HO, is therefore extremely dilute. 
Meissner found that to prepare a pure and concentrated solution 

' In distiiictioD from ozone. 
Am. Joub. Soi.— SBC02CD Ssuiss, Vol. XXXVII, No. 111.— Mat, 1864. 
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of HOj it was only necessary to pass CO, into water, mixed 
with BaOa, BaO, CO, and HO, resulting. In this way he ob- 
tained directly, a solution so concentrated that it decomposed 
under the influence of light." 

As a means of detecting HO,, the author found Schonbein^a 
reagent, viz: iodid of potassium and starch-paste in conjunction 
with protosulphate of iron, to possess the greatest delicacy and 
to be most characteristic when applied with certain precautions, 
especially when the ferrous salt is employed in very minute 
quantity. As regards the reactions that occur between this re- 
agent and HO,, Meissner after adducing the somewhat contra- 
dictory statements made at different times by Schdnbein, is led' 
to conclude that HO, is without effect on KI, in neutral solution, 
except in presence of some " predisposing" agent, like FeO, and 
that contrary to Schdnbein 's opinion the first action consists in 
an oxydation of FeO, to Fe^Oa and that the deoxydation of HO, 
thus oegun, continues in presence of KI after all FeO has been 
oxydized and results in the oxydation of KI and destruction of 
HO J. The presence of any acid suffices to induce the reaction 
between HOg and KI, instantaneously when the acid is added 
to a mixture of HO 3 and KI; but afiier a considerable interval, 
and in a much less marked manner, or even not at all as meas- 
ured by the separation of I, when the HO3 is mixed with an 
acid previous to the addition of KI. Our author's theory of tlie 
mode in which the well known power of acids to pi*event de- 
composition of HOg on the one hand, and their decomposing ef- 
fect on pure KI, as shown by Baumert and confirmed by himself 
on the other, give this curious resultant, we leave to those spe- 
cially interested in these subjects to study in the original. In 
continuing this necessary digression, Meissner gives the results 
of his observations on the fluor spar of Welsendorf. Like Schdn- 
bein, our author found that the reactions of water which had 
been ground with this fluor spar were different according as it 
had been for a shorter or longer time in contact with the min- 
eral — but were undeniably those of HO3, while the presence of 
antozone in the spar was equally certain. As to the condition 
in which it there exists, or how it may possibly be produced bjr 
grinding, Meissner feels unable to offer any hypothesis. Bl!e 
looked in vain for evidences of antozone in other minerals which 
manifest a peculiar odor when submitted to friction. Not even 
in a compact fluor from Ivikaet in Greenland, which has been 
mentioned as having properties similar to that of Welsendorf 
could any be detected. 

Oxydized oil of turpentine, Meissner found to give the same 
reactions as the Welsendorf fluor. He concludes that in both 

* Debray and Balard had previously (?) published the same method, (Cmftn 
Rend., Iv, 736-8). 
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antozone or the product of its action on water, viz: HO,, is pres- 
ent, and that besides, there exists in both a substance which like 
ferrous sulphate "disposes" HO, to act upon KI, since they de- 
compose KI without the addition of FeO, SO3. 

Returning to the question of the identity of atmizone and ant- 
ozone, Meissner informs us that a liquid having the reactions 
of HO, is obtained when a current of electrized air is passed for 
some hours through a strong and alkaline solution of pyrogallic 
acid, (which deprives it completely of ozone), and subsequently 
through pure water. The water slowly acquires a recognizable 
content of HO, giving with KI and starch no reaction until the 
addition of FeO, SO 3, when an instantaneous liberation of I be- 
comes manifest. Atmizone, however, appears capable of oxyd- 
izing water only when it is newly formed. If the stream of 
electrized and deozonized air is passed through a series of ves- 
sels containing water, HO, scarcely appears in the second and 
subsequent vessels, though the atmizone cloud is formed in them 
all. This cloud, however, is the less dense and well defined, the 
farther from the induction apparatus it is produced, and it may 
hence be inferred that atmizone loses its power of oxydizing 
HO when its electrical polarity has declined beyond a certain 

Eoint. The water through which the deozonized current of air 
as been passed, contains nothing but HO, : no traces of NH, 
or oxyds of nitrogen can be detected in it. Since, according to 
Schdnbein, antozone is without effect on pyrogallic acid in alka- 
line solution, this experiment gives double proof of the identity 
of atmizone and antozone. 

At this point in the investigation Meissner encountered a phe- 
nomenon of the most extraordinary character. He found that 
water through which was passed a current of electrized air de- 
ozonized by a solution of iodid of potassium, contained a sub- 
stance which liberated I from KI on addition of an acid, even 
when the air after leaving the alkaline deozonizing solution was 
carried through a concentrated potash solution contained in a 
Liebig's bulb tubel The liquid could not contain NH^O, NO, 
nor HO3, for on evaporation to dryness at 100® C, there re- 
mained a very minute residue which when redissolved in pure 
water had all the properties of the original liquid ; while, as is 
well known, NH^O, NO 3 and HO, are completely decomposed 
and dissipated by this treatment. 

No substance having the properties in question could be imag- 
ined present save iodic acid which is known to liberate I from 
KI and which is likewise formed when ozone acts upon KJ. 
But in what manner this body could pass out of one alkaline 
solution and through another, as must be the case here, was diffi- 
cult to conceive. Meissner at once attempted to demonstrate 
directly its presence or absence. He therefore put his electrizing 
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apparatus into prolonged action, (six hours daily for eight days,) 
passing the stream of electrized air first, through strong solution 
of KI, then through concentrated potash lye, and lastly through 
three vessels of water. When this experiment was finished, the 
water of the receivers reacted very powerfully on KL It was 
concentrated by evaporation, in which process it finally acquired 
An acid reaction, first reddening and afterward bleaching litmus 
paper. A crystalline residue remained which when dissolved in 
water and treated with SO, gave a copious separation of iodine. 
Other reactions confirmed this substance as 10 3, On further 
experiment it was found that so soon as the atmizone current 
was deprived of its vioisiure it was no longer capable of trans* 
porting IO5. It would therefore appear that when iodine is set 
free in the solution of KI by the action of the ozone occupying 
the periphery of the air bubble^ a portion of it, vaporizing in* 
wardly, is there oxydized by ozone to 10, and then is taken up 
by the atmizone cloud, and by it transmitted through the vari- 
ous solutions. 

In the next place Meissner examined the deportment of Schon- 
bein's antozone to water vapor, to ascertain whether it possessed 
the cloud-forming property. By experiments with the gas 
evolved from BaO^ ana HO, SO,, this was found to be the case, 
and the antozone cloud resembled, in all particulars, that yieldea 
by atmizone. If, for example, a tube containing the just mixed 
materials for giving off antozone is carried into a flask occupied 
with moist air, the latter gradually becomes filled with a cloud 
which disappears again after a short interval. 

Another point to investigate was the deportment of antozone 
toward solution of KI. Schdnbein asserted that antozone de* 
composes this salt and oxydizes its elements, while atmizone 
appears to be unaffected by it. On repeating Schdnbein's exper- 
iment, and further investigating the subject, Meissner concluded 
that the reaction observed by Schdnbein was due to the sul- 
phuric acid of the mixture being mechanically projected against 
the test papers. At least, when solution of KI was placed in a 
vessel beside the tube evolving antozone, no iodine was libera- 
ted in the former until after the addition of FeO, SO 3. Schdn- 
bein himself has lately expressed the probability that antozone 
does not decompose KI. 

In one further particular, there is a difference between atmi- 
zone and antozone which Meissner was unable to account for 
satisfactorily^ Antozone has a peculiar odor, and when breathed 
excites a choking sensation, while atmizone manifests neither of 
these properties. It is possible that antozone, as evolved from 
BaOg ana HO, SO^, may be accompanied by some other sub- 
stances to which this odor, &c. is due. The close correspondence 
in all other respects must warrant the conclusion that the two 
are essentially identical. 
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The author now goes on to give the results of his observa- 
tions on the deportment of the mixture of ozone and antozone 
as obtained by the electrization of pure oxygen. He finds that 
ozone does not prevent the union of HO with antozone, with 
production of HO3. When instead of pure oxygen, common air 
18 electrized the nitrogen of the latter becomes involved in th© 
reactions, and in water through which the electrized mixture is 
passed, nitric acid gradually accumulates, but chiefly in the first 
water-receiver. When the electrized air has become charged 
with moisture, the production of NO5, (as well as that of HO, 
which is simultaneously formed,) is lessened to an extraordinary 
degree. 

Schonbein's statements regarding the generation of NH4O, NO, 
made it necessary to look for this salt in the electrized air. 
Heissner affirms that NO 3 cannot be safely distinguished from 
HOj by means of KI and starch, for no decided difference in the 
amount of iodid separated by addition of an acid or of FeO, 
SO 3 can be perceived. Nitrous acid must therefore be detected 
in some other manner when, as in the case before us, it is mixed 
with HO3. When nitrates are treated with dilute sulphuric add, 
NO 3 is liberated and by contact with FeO, SO 3, is reduced with 
manifestation of the reaction for NO3 (the brown coloration). 
The water through which electrized air had been passed, was 
evaporated, after addition of KO, to a small bulk, strong solu* 
tion of ferrous sulphate was added to the cooled liquid, and 
lastly dilute sulphuric acid, but in no case was any reaction ob- 
served. Only on employing concentrated sulphuric acid did the 
brown coloration appear. This experiment Meissner rightly 
believes to demonstrate the presence of NO^ and the absence of 
NO3. In fact we should not expect to find NO, under these 
circumstances, as the excess of ozone would oxydize any that 
might at first appear. Ammonia could not be detected by Ness- 
ler^ extraordinarily delicate test. 

On passing electrized oxygen first through a receiver of water 
and then, in a second receiver, bringing it in contact with nitro- 
gen (common air), it resulted that no NO 5 could be detected in 
the water of the first vessel, while in that of the second, it was 
readiljr found though in smaller quantity than in the previous 
experiments. It was thus demonstrated that the oxydation of 
N is not, or is not alone, a direct result of electrical action, but 
is the effect of the excited oxygen. 

Further experiments, Meissner informs us, have demonstrated 
that neither ozone alone, (as Schdnbein also has ascertained,) nor 
antozone alone, afker deozonization by contact with ELI and HO, 
can oxydize nitrogen to NO^. Neither has antozone the power 
possessed by ozone of oxydizing the lower oxyds of nitrogen 
to NO,. 
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In what precise manner ozone and antozone cooperate to oxjd- 
ize N, Meissner does not claim to have fully decided. He is ais* 
posed, however, to think that antozone alone is capable of con- 
verting N to one of the lower oxyds, probably NO,, and that 
this unites to ozone forming NO4, which is really the first pro- 
duct that appears of the*conjoined action of ozone and antozone 
on nitrogen. (In presence of 2H0, 2NO4 falls into HO, NO, 
•nd HO, NO,, and HO, NO3 is oxydized by ozone to HO, NO, : 
this last named substance being thus the final product of the re- 
actions in presence of water and excess of ozone.) 

The influence of moisture upon the oxydation of N is next 
investigated. Schonbein in his late paper upon the formation of 
NO. from ordinary oxygen and nitrogen by electricity, {Baaekr 
Verhandlunget}^ Hi, 2, p. 209,) has asserted that the spark of a 
powerful inductive apparatus produces NO 4 in a dry mixture of 
N and O, while in presence of moisture NO 3 and NO, appear. 
Meissner obtained this result by repeating the experiment with 
common air, using platinum electrodes. When the air was em- 
ployed in its ordinary state, i. e. neither purposely moistened nor 
artificially dried, NO^ was copiously produced ; by addition of 
HO, NO 3 and NO, were formed. Meissner could obtain in this 
experiment no direct evidence of the formation of ozone or ant- 
ozone. Since, however, the numerous trials of De La Kive, 
Fremy, Becquerel, Marchand and others, have abundantly de- 
monstrated that ozone is produced when the electric spark is dis- 
charged through pure oxygen, it is obvious that in Schonbein^s 
experiment the ozone was formed, but at once consumed in oxyd- 
izing nitrogen. Since ozone alone cannot oxydize nitrogen, bat 
requires the presence of antozone, Meissner sought for this sub- 
stance and readily found it in the pure oxygen, electrized by 
spark-discharges. In air electrized by the spark, antozone is also 
to be found, provided ozone be at once absorbed by a moist crys- 
tal of KI or a strong solution of the same placed in the close 
vicinity of the electrodes. Under these conditions the antozone 
cloud is copiously produced. When ozone is not thus at once 
absorbed from moist electrized air, both it and antozone. speedily 
disappear being consumed in the oxydation of nitrogen. When 
air which has been perfectly dried is electrized by sparks ozone 
and antozone appear but no NO^. 

The presence of HO is then essential to the oxydation of N, 
a fact which harmonizes with the statements first made by Fre- 
my and Becquerel, viz : that the metals, &c. are oxydized by 
ozone only in presence of moisture. 

The same electrical current gives by silent discharge through 
air of a given content of moisture, much less NO^ and much 
more active oxygen than when it passes in sparks. The appear- 
ance of NO 4 in case of electrization by sparks is due to the heat 
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produced in this process, for by heating a current of air electrized 
Dj the silent discnarge, in such a way that it comes immediately 
in contact with water, ozone and antozone at once disappear, and 
NO 4 is copiously formed. 

In further experiments, the author demonstrated the presence 
of HO, in water, near whose surface electrical sparks had been 
made to play. 

Thus far we have given quite fully the facts observed by Meiss- 
ner in the first chapter of his book. He finishes the experimen- 
tal part of this chapter with an account of observations which 
lead to the conclusion that the production of ozone and antozone 
is the result of electrical tension^ and occupies about 40 pages in 
a discussion of the theories of Clausius, Schonbein, De La Bive, 
and Brodie, and in unfolding his own theoretical views. To 
render his ideas intelligible would occupy more space than we 
have at command. In fact, this part of the volume scarcely ad- 
mits of abstract. All who are interested in these topics will not 
fikil to study th6 original. 

(7*0 b€ continued.) 



Abt. XXIX. — Olacial Action about Penobscot Bay ; by Mr. John 

De Laski. 

Previous to the year 1859, the writer, like most ordinary 
readers who are farnillar with the descriptions of the phenomena 
of boulder action given in our text books, believed that the drift 
material of clay, sand, gravel, boulders, and the scoring of the 
rocky surface of the country, must have been the effects of ice- 
berg action. Up to that time I had not seen any mention what- 
ever of the former existence of glaciers in any part of Maine ; 
and I was therefore quite unprepared to doubt that the numerous 
examples of the striated surfaces about the village where I resided 
— Carver's Harbor, Vinalhaven — were other than those made by 
the chafing of floating ice-mountains over the ledges when these 
formed the bottom of a continental sea. The theory of Hugh 
Miller in his " Popular Geology," a work then recently published, 
had attracted my attention, which supposes that the eastern de- 
flection of the Gulf stream, at the close of the Tertiary era, carried 
the northern icebergs over Great Britain at the time when it was 
undergoing the process of submergence, and that the bergs were 
able to mount the submarine hills and score and scratch them 
regularly, as the country went slowly beneath the surface. 

But on attentively examining the scratched rocks of the vicin- 
ity of Penobscot Bay, I could not reconcile the iceberg doctrine 
with the facts connected with these scratches and with the exten- 



336 J. DeLuski on Glacial Action about Penobscot Bay. 

aive denudation of the country everywhere presenting itself to 
the eye. It is quite evident that the formations of Penobscot 
Bay had not been materially disturbed for a time indefinitelj 
long preceding the Post-tertiary age; for the syenite lies in layers^ 
generally horizontal, of varying thickness, from a few inches 
to twenty feet and sometimes more ; and the slates of the coBtA 
have but one usual dip and strike. The irregular denudation of 
the granitic floor of the region of the Penobscot Bay was cer- 
tainly posterior to the Tertiary times; and icebergs, if we adopt 
the theory, ought to have left the country vastly more level, 
where the granite abounds, than it actually is. 

The hills of the coast generally rise abruptly from the valleyi 
and the sea. They are scored alike along their eastern and 
western flanks, and in similar style of execution, whether the 
angle of slope is great or small. I could not discover any dif- 
ference in the appearance of the striae upon the tops of the hilla^ 
their northern, eastern and western sides, or at their southern 
bases, except that around the southeastern and southwestern foot 
of the hills the scratches were occasionally gently carved. I 
sought everywhere among those hills and ledges for those break- 
ages in the lines of the scratches, which the passages of icebergs 
over an undulating sea-bottom would produce, but found none. 
On the other hand, there were examples of denuded and 
scratched rocks on the southern sides of hills remarkable beyond 
description. The ice in some of our northern rapid rivers about 
the beginning of the year is sometimes pressed up until the sur- 
face becomes exceedingly irregular. iNow if a small patch of 
Buch a field could be partially leveled off, preserving, however, 
much irregularity of ridges, depressions and steep sides, all the 
while faithfully showing that art had performed the work, it 
might not inaptly represent some of those ledges of the granite 
formations of Penobscot Bay. They are smoothed and scratched 
in all manner of inequality. The agent that performed the task 
was an accomplished worker, and marched along over the su^ 
faces of the rocks with great regularity, touching the surface 
beneath it with the same delicacy of action as the sides and top 
of the lofty eminence. There are nowhere to be seen the effects 
of rude and unsystematic blows upon the faces of any of the 
rocks ; but everywhere method and regularity are exhibited, 
almost as if the worker had been directed by intelligence. There 
is a ledge of this character near my residence. It dips quite 
steeply toward the west. It can be seen that much of the rock 
was removed by piece-meal — chipped away as the " hewer of 
wood" might chip his fallen tree, or spar ; and it is apparent 
that afterwards it became scratched by some means — sand and 
gravel attached to the under surface of a glacier, I believe— 
which accommodate itself to every inequality of surface, scoring 
down smoothly and evenly the face of the rock. 
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It is quite evident that these chips, some of which must have 
been many feet in length and breadth, were not removed by a 
blow, such as an iceberg has been supposed by some writers to 
make upon the rocky sea-bottom over which it is floating. 
Again I think it evident that the blow was not given horizon* 
tally, but rather at a very considerable angle, — say from 40 to 
50"^ — and directed from the north ; and that the breaking of the 
rocky floor was effected hy pressure. These irregular depressions 
are generally upon protuberant ledges, the " embossed rocks of 
the islands. 

When such depressions are made upon the granitic floor of the 
country, the furrows are at right angles to the lines of the striae. 
They are exceedingly common, and very uniform in structure, 
I have never seen a remark upon them by any one ; and it seems 
to me that their peculiar shape is convincing evidence that nei- 
ther icebergs nor diluvial waves had any share in their produc- 
tion. They are lunate in figure, having their horns pointing to 
the northeast and northwest, and their steep walls invariably 
looking towards the north, never directed south as stated in the 
" Reports on the Scientific Survey^^ for 1862, p. 383 — an error not 
in the manuscript. 

There is a corresponding phenomenon in shallow troughs, 
whose largest diameters are north and south ; and here the horns 
are shorter, and directed more toward the zenith. Again, these 
furrows occur on rounded semi-cylindrical ledges, running north 
and south. When made on the tops or sides of such rocks, the 
mural face of the furrow still looks toward the north, but the 
horns point in the opposite direction, or toward the south. 
These lunoid furrows often exhibit, like the other depressions 
alluded to, the most delicate parallel striae running over them 
from north to south. It seems evident that, had these minute 
striae been made by the chafing of an iceberg over the ledge 
when a sea bottom, it would have broken down the wall of the 
furrow turned toward its approach ; whereas, the movement of 
a glacier, slow and regular, having sand, as well as gravel and 
boulders, frozen into its under surface, would not be liable to 
cause such a result, if the rock which was pressing upon the 
ledge, producing the furrow, had passed along beyond it toward 
the south. 

These furrows are from an inch in length to many feet. About 
three miles from the village there is one of these furrows upon 
a ledge dipping at a small angle toward the south and west. It 
is thirty feet long, two broad at the middle, with a wall at this 
part six inches hiorh looking north. Behind it in this direction, 
there is a high hill, only a few rods from the furrow, having its- 
southern front broken down into irregular terraces. Still farther 
north for two miles, the land continues to rise to not less than 
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two hundred feet, and stretches in the east and west direction 
for more than three miles. 

Wherever the formation is of syenite — and there are about . 
seventy-five sauare miles of surface covered with this rock, in 
Vinalhaven — the hills are broken down on their southern brows 
into step-like descents. There is one hill of this character in the 
town from twenty-five to fifty feet high and two thousand broad, 
nearly wedge-shaped, with its apex turned toward the north. 
I found, wherever I examined them, that the striae had com- 
menced to form at the southern foot of these hills, in straight 
parallel lines, generally very close up to the wall ; and, in one 
case, a high granitic bluff of twenty-five feet overhung and sluzded 
the striae. They had begun their course at about a foot from the 
base of this wall. This high bluff continued for some distance 
toward the west, where again, the glacier — not icebergs — had 
under- worn it, in a strike north and south, with a sleep roof-like 
dip toward the east. Along the entire width of this roof-wall the 
striae were displayed in the roost beautiful manner. The granite 
was of a coarse texture, and the wall was only reached by the 
waves of the highest tides ; yet nowhere can be seen a finer pol- 
ishing and scratching than is exhibited on this wall. 

The hills all slope toward the north at an easy curve, and are 
steep on their southern sides ; and the ledges all over the island, 
wherever the rock is hard and brittle, maintain the same aspect 
— being in irregular, parallel ridges, like broken windrows of nay 
in a farmer's field, down which a very strong wind is passing. 
These ridges represent the hills in miniature. 

One example among the abrupt southern faces of those hills 
was of special interest. At the southern part of North Haven, 
(the island next above Vinalhaven, from which it is separated by 
a ship channel five miles long,) there is a hill, at the village, ris- 
ing a litde more than one hundred feet directly from the water. 
The formation here is trap. This hill may extend, east and 
west, six or seven hundred feet. All along its southern side 
the scratches radiate outward in straight parallel lines. At the 
western termination of this Kill, the scratches are again in per- 
fect development on the level ledges where the tide covers them 
at high water; and as we approach the hill, the wall rises per- 
pendicularly from the shore and the scratches are continued up- 
on its face. Even in crevices which are overhung by portions 
of the wall, the scratches are distinct and regular — as in the case, 
before mentioned^ upon the sloping wall of granite. These strias 
were throughout so fresh and well displayed, that it seemed as 
if an artist had been recently there at work with an instrument 
whose teeth were well guaged to follow regularly the planing 
chisel which had before smoothed the surface. 

Half a mile farther east, where a continuation of this eleva- 
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tion slopes downward to the water, there stand alone several ab- 
rupt prominences, which resemble the elevated embossed rocks 
of some granitic regions. One of these is seven or eight feet 
above the tide flats. It has very steep walls on the east, south- 
east, west, southwest, and south. It dips gradually toward the 
north, and is connected with the bank by a covering of marine 
clay. The top and all its walls, excepting the south one, are 
well scored. Beyond, to the northeast, for half a mile, this ele- 
vation of a hundred feet terminates somewhat abruptly over a 
cove ; but bevond this cove, to the north, there is a high ridge 
of a hundred feet, which is continued on toward the east, re- 
taining this height for more than two miles, in a line nearly 
northeast from the embossed scratched rocks. It is evident that 
an iceberg could not have been driven here along the southern 
foot of these elevations, and afterwards set itself to work like a 
patient sculptor, leisurely and efiectually chipping and molding 
the rock to the specific form of the hills ana the ledges of the 
country. There are no scratchings on the rocks of the Penobscot 
Bay that indicate any such oscillation of icebergs from one gen- 
eral course of movement; neither do I believe that there can be 
found in this great fiord of the coast any curving of the striae, 
or any variation of them from a general direction, which cannot 
be referred to the movements of a glacier. 

About the same time, I discovered in the northern part of 
Viaalhaven an example of scoring and scratching of the bed 
rock, of a character altogether different from anything I had met 
with elsewhere. On the eastern side of a level ledge of granite 
of considerable extent^ there is a fissure running north ana south 
for about twenty feet. This fissure opens into the rock horizon- 
tally to the depth of six to eight inches, forming a shelf about 
six inches in thickness. The upper surface of the ledge had 
evidently been scratched, judging from the appearance, although 
the fine striae had disappeared, the rock being the coarser kind 
of ijyenite which has very much disintegrated where not covered 
by soil. The lips of this aperture were smoothed, as if the 
opening had been made by a ^gantic gouge and afterward 
rubbed down in one direction, for I found in passing my band 
along toward the south that it was sensibly rougher than when 
touched in the opposite direction. On introducing my fingers 
into this horizontal fissure, and touching its upper surface — its 
ceiling — I was astonished to find that it was thoroughly polished 
and scratched also. Here there seemed to me to be decisive 
proof as to the origin of all these various phenomena. I saw 
that the iceberg theory could no longer be sustained ; and that 
no other action but that of a glacier was competent to explain 
the facts. 

Over the entire extent of the syenitic formation, boulders of 
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the same rock are strewn with wonderful profusion, and num- 
bers of them weigh many tons ; they rest on beds of soil several 
feet in depth, just as a glacier might have left them as it slowly 
melted away. 

Upon the northern slopes of the hills the rocks are torn asun- 
der in such a manner as wholly to preclude the idea that the 
work had been done by icebergs. Had bergs halted in such 
places, and through a long age, chafed against the northern walla 
of such high hills, the denudation, after all, would have been an 
insignificant affair; and none but the largest bergs could have 
worn at all the faces of the hills. But the debris of the stoss 
side of the hills has been transported over the hills, rather than 
along their sides; and we frequently find large boulders, evidently 
not far removed from their native beds, resting on the hills, and 
often in such a manner that their transportation and deposition 
could not have been accomplished through the agency of ice- 
bergs or oceanic waves. 

As I have already remarked, the hills of the coast have a uni- 
form feature : they are steep on the south, and have a gradual 
descent from their summits toward the north. I know of no 
exceptions to this rule. There must be a meaning in this spe- 
cific form of the hills. If the ledges and minor hills of the isl- 
ands of the great fiord of the State have been moulded into this 
peculiar figure by glacial action, or that of icebergs, I conclude 
that the denuding agent must have reached the tops of the Cam- 
den hills, 1400 feet high, and those of the island of Mount Des- 
ert, 2000 feet ; for these maintain, when viewed from the east 
or west, the same general contour as the other hills of the coast. 
It is quite impossible that icebergs could ever have broken down 
the tops of those high hills. Moreover, if they had been under 
water to the depth of a thousand feet or five hundred, the sea 
which covered New England and the continent to the west 
would have had a warming influence on the climate, and would 
therefore probably have been quite clear of icebergs. 

The sides of the Camden hills are scratched from their base to 
the summits. Megunticook, t*he highest but- one, is broken down 
on its fiouthern brow into a precipice of nearly 300 feet. Here, 
the striae appear on a vein of colored quartz in a most beauti- 
ful manner. They are very delicate, and the rock is polished 
like glass. Toward the north, in the direction whence the 
scratching agent came, the hill continues to rise till it attains the 
height of one or two hundred feet above the brow. On descend- 
ing the precipice by a circuitous route, and approaching its base, 
we are at once struck with the fact that this nill has been de- 
nuded or broken down from t9p to bottom. The perpendicular 
wall of Megunticook forms the northern side of a valley and the 
northern extremity of Mount Battie the southern side ; into this 
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valley immense blocks of the gray micaceous sandstone from the 
brow of the overlooking hill have been projected — not as if they 
had merely tumbled down and accumulated as talus — for many 
of these boulders have been carried to a considerable distance 
over the top of the latter mountain, and are very perceptibly less 
angular than those which lie at the base of the precipice. To- 
ward the southern extremity of Mount Battie, striae appear again, 
one thousand feet above the sea; and the entire top of the 
mountain bears evidence that it has been thoroughly denuded 
upon a most magnificent scale. The boulders here found were 
not dropped from a passing iceberg which had been freighted in 
Labrador or beyond, but are of a peculiar rock, a quartzose con- 
glomerate, unlike any other to be seen in this part of the coun- 
try and identical in composition with the rock of the mountain 
itself. Not even three per cent of any other rock can be here 
found. The striae continue down the southern brow of the hill 
to the plain below, though this part of Mount Battie is abrupt, 
falling off at an angle of seventy degrees or more. At this ex- 
tremity of Mount Battie, along the ascent, the striae run a few 
degrees — and in one case as much as twenty — out of the usual 
direction, varying from a southern course toward both the east 
and the west. And indeed it seems to me wholly impossible 
that a glacier, in a country like this, though of four or five thou- 
sand feet in thickness, and probably more along the coast, could 
have preserved everywhere over the uneven rocky bottom, an 
invariable direction in its movements. In its progress over, or 
down, our high hills, there would be a constant liability to local 
deflections, varying a little from the general course of the great 
glacier. 

At the southern foot of this mountain lie vast boulders, torn 
from the great hill before them. They are identical in composi- 
tion with the mountain, so that we here again see evidence that 
it was neither through the agency of icebergs, nor of polar cur- 
rents, that those huge quartzose conglomerate boulders were de- 
tached from the mountain, removed the few hundred yards, and 
partially rounded during their limited transportation. One of 
these, lying at the southeastern base of the hill, can not weigh 
less than six hundred tons. The formation to the south and 
southwest of these hills is principally clay slate, called by the 
State geologists argillo-micaceous, and referred to the **Taconic" 
system. The striae upon these rocks are developed in the most 
admirable manner. In places near the village of Camden, they 
may be traced up and down, over the tops and along the sides 
of the ledges, the striae pointing directly toward the high hills 
on the north. 

On examining the island of Mount Desert, which, like Yinal- 
faAFeUf is composed of syenite and the argillo-micaceous slate, 
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there are similar boulder phenomena to those observed forty 
miles west among the Camden hills. These mountains which 
tower up near the eastern border of the great fiord of the coast 
attain the altitude of nearly two thousand feet. They rise very 
abruptly from the sea, and are about a dozen or fifteen in num- 
ber. From the summit of these hills a view is presented of the 
great archipelago of the Penobscot Bay. From Bar Harbor oa 
the northeast, in Frenchmen's Bay, to Bass Harbor on the south- 
west, in Blue Hill Bay, journeying around these mountains on 
the south, close to their base, for the distance of twenty miles, 
there is one continued display of drift striae and granitic boulders. 
The scratches run boldly up to the foot of these hills ; and the 
harbors and coves trending north and south, exhibit these stri» 
everywhere. I have never seen in any part of Maine, not even 
in the granitic region of Mount Katahdm, an elevation nearly 
six thousand feet high, a picture of greater desolation than is 
presented about the south side of these mountains. Standing 
amid these vast ruins, it is apparent that only the irresistible 
erasp of a glacier could have broken them off and carried them 
far away toward the south. Here, as elsewhere, the granitic 
boulders are larger and less angular as we approach the hills 
from the south. Among these boulders, rocks of other forma- 
tioofi are rarely found ; and these are from the slates to the north 
of the hills, having been carried over these elevations, not around 
them. Upon the northern declivities of these hills, the boulders 
are not so numerous nor so large as they are on the south, but are 
generally much worn ; and like those on the south, they are 
syenitic, like the formation of the hills. 

But besides the coves and harbors of this great island of Mount 
Desert, its ledges, headlands and ponds, (some of which last are 
large and deep,) all trend north and south in conformity to the 
course of the striae. More than one of its deeper ponds are 

fouged out of the solid syenite, and we find no evidence of this 
aving been done by any other agency than that of glaciers. 
Beyond these hills to the north, for fifteen or twenty miles, 
over a comparatively level country, the Taconic slates again ap- 
pear; and the detritus of these rocks have been but sparingly 
transported over the granitic formation of Mount Desert. I think 
it a safe conclusion that the rocks torn from the hills, the valleys 
and the plains of the country, were not generally removed to any 
great distance southward. We find indeed the fossiliferous rocks 
from the region beyond Katahdin, a hundred and fifty miles 
north, scattered over the islands of the coast ; brought doubtless 
upon the more elevated parts of the glacier, rather than attached 
to or near its under surface, during their distant transportation. 
But these rocks are by no means abundant. 

Upon Vinalhaven, as we leave one of the granitic quarries on 
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the western side of Carver's Harbor and pass along north toward 
the highest granitic hill in the town, there rises a series of terra- 
ces, one above another, along a north and south course, till th^y 
attain the altitude of 150 feet above the water. The highest 
ridge but one is seven hundred yards long, and fairly unbroken 
except in one place, where there is a breach forty yards long. 
This granitic wall nearly resembles some of the " Horseback^' 
in the country, and a well trained horse might be safely led along 
its entire length. This wall descends toward the east and the 
large salt-water mill-pond, at various angles, from thirty and 
sixty to ninety degrees. Between this ridge and the one abovej 
which is the highest, there is a depression tifty yards wide and 
from ten to twenty feet deep. The rock of many thousand tons 
has all been swept away to the south of it for 150 feet, where 
we meet again another slope, rising gradually toward the south 
till it attains the usual height of this elevated ridge. 

I consider this dell as having been gouged out of the rock, as 
the most of our harbors, coves, and ponds have been, by glacial 
action. We see the hills not only curving easily to the north, 
and steep on their southern sides, but we find also that their east 
and west sides are abrupt. We know that this abruptness, in 
the southern part of Maine, must have been caused by denuda- 
tion ; not such a wearing away as slow moving icebergs would be 
likely to make, though hundreds of thousands had struck in the 
same place. And those east and west sides both low, and high 
up the hills, are often seen beautifully, never roughly, scored. I 
suppose that when an iceberg touches along the side of a sub- 
marine hill, it would be deflected like any floating body, by the 
continuation of the current around the hills; it could not uni- 
formly chafe and scratch the rock in all its inequalities of wall ; 
for we know that the sides of the bergs are not abundantly sup- 
plied with those stone-grooving tools necessary for the smooth- 
ing and scratching. 

And, let me ask, by what means were those oblong and wedge- 
shaped boulders deposited in the peculiar manner in which we 
find them? They do not lie with their longer diagonals across 
the striae, but were left by some agent head on in their course to- 
ward the south. Icebergs could not have dropped them thus, 
while the movements of a glacier would have compelled the 
boulder to take this wedge-shape form in many cases, and would 
have kept its base always directed forward in the line of ita 
course. 

If then there is evidence of a power so great, acting f^ainst 
the highest hills of the coast, even leaving over their sum- 
mits indisputable marks of extensive denudation, we have rea- 
son to believe that the glacier which swept across them was of 
vast thickness. Had the glacier reached barely above the ^p 
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of the highest hill of the Mount Desert group, an elevation of 
2000 feet, its action for ages might have indeed accomplished 
the rounding and sloping of the northern sides of those moun- 
tains; but the ice of a few hundred feet in thickness above their 
summits, could not have produced that vast amount of denuda- 
tion required to form their southern brows. It is altogether 
probable that the glacier far overtopped the highest of the hills, 
and it is not unreasonable to suppose it to have been at least 
twice two thousand feet in thickness. 

Moreover there is evidence that this glacier was not limited to 
this great fiord of Maine. It must have extended far toward 
the east and covered the country on the west. In fact, it was 
probably a part of the universal glacier which covered the con- 
tinent wherever the drift striae have been observed. But upon 
the discussion of this point I will not now enter. 



Art. XXX. — Contributions from the Sheffield Laboratory of Tale 
College. No. VII. — On the Indirect Detei-^nination of Potash and 
Soda ; by Peter Collier, B. A., Assistant in the Sheffield 
Laboratory. 

The method customarily employed in estimating potash and 
soda, viz: by the precipitation of the former as platinchlorid of 
potassium and reckoning soda from the loss, though sufficiently 
accurate in patient and skillful hands, is yet open to many sources 
of error and at the best is exceedingly tedious and troublesome. 

The indirect method does not yet appear to possess the confi- 
dence of chemists, at least, it is rarely mentioned in published 
investigations. I have therefore, at the suggestion of Prof John- 
son, made a number of experiments to ascertain the limits of 
error in this process. 

The volumetric estimation of chlorine as perfected by Mohr 
offers by far the best basis for an indirect determination of the 
alkalies. It is in fact requisite in employing the usual direct 
method, to procure the alkalies in the condition of pure chlorids 
before precipitation. 

When the alkali chlorids are obtained free from all foreign 
matters, it is but the work of a few moments to ascertain their 
content of chlorine. 

The silver solution used for this purpose is best prepared by 
weighing oflF in a porcelain crucible about 4*8 grm. of clean crys- 
tallized nitrate of silver, fusing it at the lowest possible heat, 
and' then ascertaining its weight accurately. After fusion it 
should weigh a little more than 4*7933 grm., the quantity, thatj 
contained in a liter of water, gives a solution of which 1 c. c. = 
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*001 grm. of chlorine. The fused salt is dissolved in a little 
warm water, the solution brought into a liter flask and filled to 
the mark, observing the usual precautions as to temperature, kOk 
When thus adjusted, add to the contents of the flask, from a 
burette, enough water to bring the texcess of nitrate of silver 
above 4*7988 grms. to the requisite dilution^ In this way it is 
easy with a burette and liter flask to make a perfectly accurate 
standard solution, while this would be hardly possible should 
the operator weigh off less than 4-7933 grm. of nitrate of silver. 

This solution, which may be preserved in a well corked bottle 
indefinitely, without change, is next tested by means of a solu* 
tion of pure chlorid of sodium or chlorid of ammonium, a quan* 
tity, say about 2 grams, of one of these salts being dissolved in 
a liter of water and 20 c. c. of the liquid taken for the compari* 
son. The solution being ready, the estimation of chlorine is 
conducted as described by Mobr, Fresenius, Sutton and others^ 
chromate of potash being employed to indicate the completion 
of the reaction* The use of Erdmann's float in a burette (which 
may hold 70 c. c.) graduated to fifths ensures the needful accu- 
racy of reading. In my determinations y^^th c. c. of silver solu- 
tion were deducted as the excess needed to produce a visible 
quantity of chromate of silver. 

The appended table gives the results I obtained in the analy- 
ses of the chlorids of potassium and sodium. The salts were 
perfectly pure and ihe quantities were weighed out in each case. 
In order to test the method thoroughly I have varied the pro- 
portions of the mixtures from one extreme to the other. 

Summary of Voliimetric Chlorine Determinationt, 
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It may be seen from the above list of analyses, which includes 
all the determinations I have made, from first to last, for the 
purposes of this paper, that in no case does the difference be- 
tween the quantities taken and found of either alkali chlorid 
exceed two milligrams, and in most instances it is less than one 
milligram. The correspondence between the amounts of chlorine 

Am. Jovb. Sox.->SBCoin> Sbbiss, Vol. XXXVII, No. 111.— Mat, 1864. 
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as taken and fonnd ia of course still more near. The erroB 
that appear in the estimation of the chlorids would be consid- 
erably reduced, if, as usudly happens, they were calculated » 
oxyds. 

Here follow the formulao which I have employed for calcu- 
lating the quantities of NaCl and KCl, or of IsslO and KO, con- 
tained in or corresponding to any mixture of alkali-chloridB 
whose total weight and amount of chlorine are known. 

W == weight of mixed chlorids. 
C = weight of chlorine. 
NaCl = C X 1'^SU - W X 3-6288. 
KCl = W X 4-6288 — C X V^Sll. 
NaO = C X 4-0466 - W X 1-9243. 
K0 = W X 2 9248 - C X 4-8210* 
The results I have obtained thus demonstrate that the indireet 
method is in all cases equal in accuracy to the ordinary separa- 
tion, while in the matter of convenience and economy of time 
there is no comparison between them* 



AUT. XXXI. — Contributions to Chemistry from the LdborcUory (f 
the Lawrence Scientific Scliool; by WoLCOTT GiBBS, M.D., Bom- 
ford Professor in Harvard University. — ^iTo. I. 

1, On the relations of hyposulphite of soda to certain metallic oxyds. 

The employment of hyposulphite of soda as an analytical re- 
agent was first suggested by Himly,* who in a short paper, in- 
tended only as a preliminary notice, pointed out the relations of 
this salt to solutions of arsenic, antimony, copper and platinum, 
and suggested its use as a general reagent in place of sulphydric 
acid. Himly's paper attracted little attention and was soon for- 

fotten. The subject was again taken up at about the same time 
y Vohl" and Slater* who appear to nave been unacquainted 
with Himly's results. Vohl's investigation embraces the actiou 
of the hyposulphite upon solutions of arsenic, antimony, tin, 
copper, mercury, silver, gold, platinum, lead, bismuth, and cad- 
mium. Slater studied the action of the salt upon solutions of 
chromium in the form of chromic acid, arsenic, antimony, cop- 
per, bismuth, lead, and mercury, as well as upon ferridcyanid, 
ferrocyanid, and cyanid of potassium, and upon sulphocyanid 
of iron and hypermanganate of potash. The results obtained 
by these chemists differ in some particulars, especially as regards 
copper and lead. More recently Chancel* nas employed the hy- 
posulphite for the separation of alumina from iron, and Stro- 

* Aonalen der Chemie und Pharmacie, xliii, 160. ' The same, zcri, 287. 

* Chemical Gazette, 1866, 869. * Oomptet Rendus, zlvi, 987. 
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meyer* has extended the same process to the separation of iron 
from titanic acid and zirconia. Other analytical applications of 
the hyposulphite have been made in which the salt is employed 
either as a solvent or in volumetric processes : these do not re- 
quire notice in this place. The following observations on the 
Dehaviof of the hyposulphite toward certain metallic salts are 
interesting from a purely chemical rather than from an analyti- 
cal point of view. 

MckeL — When a neutral solution of sulphate, chlorid or ni- 
trate of nickel is boiled with a solution of hyposulphite of soda, 
a black precipitate of sulphid of nickel is thrown down, and 
after very long boiling the precipitation is complete and the so- 
lution is free from nickel. If the solution of nickel be pre- 
viously acidulated by the addition of a drop or two of acetio 
acid the precipitation is more rapid. It is very difficult to de- 
termine the exact point at which the solution ceases to contain 
nickel ; the boiling must usually be continued for several hours. 
When chlorhydric acid is added to the mixed solutions of nickel 
salts and hyposulphite, no precipitate is produced on boiling: 
m this case nickel behaves like iron and the other metals of the 
same group : in the cases first mentioned its analogies are with 
copper. The presence of free ammonia does not prevent the 
precipitation of sulphid of nickel but the action goes on very 
slowly. Rammelsberg* long since observed that a solution of 
hyposulphite of nickel is partially decomposed by evaporation, 
and that the dry mass on heating yields a yellow sulphid of 
nickel : the same is true of a mixed solution containing sulphate 
of nickel and hyposulphite of soda. 

The formation of sulphid of nickel, which takes place slowlj 
in solutions evaporating or boiling under ordinary atmospheno 
pressure, is facilitated in an extraordinary degree by heating in 
closed tubes to a temperature of 120° C. Orainaiy combustion 
tubes answer the purpose very well : the tube is first closed at 
one end and then arawn out near the other end to a narrow neck. 
The solution of nickel is introduced by a long funnel together 
with the solution of hyposulphite which should be in excess 
and concentrated. After sealing the tube before the blast-lamp 
it is to be heated in an air-bath and kept for half an hour at a 
temperature of about 120° C. Every trace of nickel is thrown 
down in the form of sulphid mixed with free sulphur: the tube 
may then be opened at the point, the liquid allowed to flow into 
a beaker, the tube cut across and the sulphid of nickel washed 
put. It may be thrown on a filter and washed with boiling 
water without oxydizing in the smallest degree. The equation 
representing this reaction appears to be 

NiCl + 2NaO, SjOa =NiS+NaCl +NaO, S3O5. 
* Ann. der Chem. und Pharm., cxiii, 127. * Pogg. Ann., It!, 296. 



84§ Contributions to Chemistry fr dm the 

This process answers extremely well for the analysis of nickd 
salts and gives more accurate results than the precipitation of 
the nickel as oxyd by caustic potash: it also requiresJess time 
since the sulphid may be washed with the greatest ease. On the 
other hand, as I shall show, it is of very limited application ts 
a means of separating nickel from other metals« The sulphid 
of nickel precipitated by heating with solution of hyposulphite 
of soda appears black at first, but after ignition has a dark 
bronze yellow color. It is unchangeable in the air, and may be 
boiled with strong chlorhydric acid without being sensibly at* 
tacked. Strong sulphuric acid exerts no action upon it: nitrio 
acid oxydizes it to sulphate of nickel. It may be heated in a 
covered porcelain crucible without oxydation, but by roasting 
in a current of air is converted into a basic sulphate* For quan- 
titative purposes it is best, after washing and drying the sol* 
phid, to burn it with the filter in a porcelain crucible so as to 
convert it into basic sulphate, to add to this a few drops of sul* 
phuric acid, evaporate to dryness and gently ignite the resulting 
neutral sulphate, from the weight of which the nickel may be 
calculated. The sulphate must be completely soluble in hot 
water. Bose has shown that the sulphate may be completely 
converted into oxyd by strong ignition.' 

Cobalt, — The relations of cobalt to hyposulphite of soda are 
almost identical with those of nickel ; the only marked differ- 
ence consists in the much greater difficulty with which cobalt is 
precipitated. In fact a complete precipitation under the ordi- 
nary atmospheric pressure is almost impossible. In a sealed 
tube, at a temperature of 120^ C, the precipitation is complete 
in an hour at farthest. The sulphid is black, and is almost 
if not quite as insoluble in acids as the sulphid of nickel; it 
may be washed upon a filter with boiling water, and does not 
oxydize in the air. When heated to redness in contact with 
air it is readily oxydized to sulphate of cobalt, which is not 
basic unless the temperature is very high. In all cases, how- 
ever, it is best to treat the roasted sulphid with a few drops of 
sulphuric acid, evaporate and ignite gently. The cobalt may 
then be calculated from the weight of the sulphate. Cobalt 
may be easily determined quantitatively in soluble neutral salts 
by this process ; as in the case of nickel, however, the hypo- 
sulphite of soda serves to separate cobalt from other metals 
only in a very limited number of cases. Nickel and cobalt are 
completely precipitated together as sulphids by hyposulphite of 
soda at 120° C. : iti is best to weigh them together as sulphates 
and then determine the cobalt by Stromeyer^ method as modi- 
fied by Dr. Genth* and myself; the nickel is then found by 
simply subtracting the weight of the sulphate of cobalt from 
that of the mixed sulphates. 

' Fogg. Add., cz, \Z2. * This Journal, [2],. vol txiy, p. Se. 
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Iron. — A solution of peroxyd of iron becomes of a deep vio- 
let color upon the addition of hyposulphite of soda; after a 
abort time tne color disappears and the iron is reduced to prot* 
oxyd. According to Fordos* and Gelis, the reaction which 
takcA place in this case is represented by the equation 

Fe^Clg + 2NaO. SaOa = NaCl + 2FeCl + NaO, S^O^. 

A solution of a protosalt of iron may be boiled or evaporated 
with hyposulphite of soda without undergoing any perceptible 
change. When, however, the two solutions are heated together 
for an hour or more to a temperature of 180°-140° C, the hy- 
posulphite of soda being in excess, the whole of the iron is 
thrown down as a black sulphid, which is not oXydized by ex- 
posure to the air, and is not sensibly dissolved by strong chlor- 
nydric acid. Nitric acid readily oxydizes it; dilute sulphuric 
acid has no sensible action. The complete precipitation of iron 
as sulphid under these circumstances requires a longer time and a 
higher temperature than that of either cobalt or nickel: the sul- 
phid is the protosulphid, FeS, and is readily oxydized to sesqui- 
ox^d by ignition in a current of air. When sesouioxyd of iron, 
which has been strongly ignited so as to be with difl&culty soluble 
in acids, is mixed with an excess of dry hyposulphite of soda and 
heated to redness, a black sulphid is formed which is readily 
soluble in chlorhydric acid with evolution of sulphydric acid 
gas. Nickel and cobalt give insoluble sulphids under the same 
circumstances, nevertheless I have not found it possible to sepa- 
rate iron quantitatively from either of the other two metals oy 
this process. From wnat has already been stated it will also be 
evident that heating with solutions of the hyposulphite also fails 
to separate iron from cobalt and nickel. 

Alumina. — A dilute solution of alumina, according to Chan- 
cel, is completely precipitated by long boilingwith hyposulphite 
of soda, as a hydrate which is easily washed. The reaction is here 
expressed by the equation 

AlaOg, SSOg+SNaO, SaOa+SHO^ Al^Og, 8HO+8NaO, S0^+ 

SSOa+SS. 

The boiling must be continued until the whole of the sulphurous 
acid is expelled. Chancel applies this reaction to the quantita- 
tive separation of alumina from iron, but I have always found 
that the complete precipitation of the alumina is, to say the least| 
extremelv difficult. Tnis may be due to the formation of a sul- 
phite which is not decomposed by boiling. When a solution of 
alum is heated to 120° C. with a strong solution of hyposulphite 
of soda the whole of the alumina is precipitated after a short 
time, as a hydrate mixed with sulphur. Tne precipitate is white 
and of a peculiar semi*gelatinous character ; it is more easily 
washed than the ordinary hydrate thrown down by ammonia. It 

* Ann. de Chimie et de Physique, yiii, 861. 
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is almost completely insoluble in cold and strong chlorhydriq 
acid but is slowly dissolved by boiling. Dilute sulphuric acid 
has no action upon it : strong sulphuric acid and nitro-muriatic 
acid dissolve it with difficulty. 

^nc. — ^When solutions of sulphate of zinc and hyposulphite 
of soda are heated together in a closed tube to 120° C.-140° C, 
the zinc is partially precipitated as a yellowish white powder, 
which is a mixture of sulphid of zinc and free sulphur. A large 
quantity of zinc remains in solution. 

Manganese. — Sulphate of manganese and hyposulphite of soda 
may be heated together to 120° C. without any apparent action. 
When however iron is present, the precipitated sulphid of iroa 
always contains manganese which cannot be separated firom it 
by acids. 

The insolubility of the sulphids of cobalt and nickel when 

{)recipitated in the manner above described at high temperatures 
ed me to examine the behavior of the sulphids when precipi- 
tated under ordinary atmospheric pressure from boiling solutions. 
When a boiling solution of sulphid of sodium is added to a 
boiling solution of sulphate of nickel or cobalt, the sulphids are 
completely precipitatea in such a state of aggregation that they 
may be thrown upon a filter, washed with boiling water, and 
dried in the air without the least oxydation. It is well before 
filtering to render the liquid slightly acid so as to avoid free sul- 
phid of sodium ; acetic acid answers best for this purpose. The 
sulphid of nickel or cobalt, or the mixed sulphids, may be con- 
verted into sulphates and weighed as such. 

2. On the determination of nitrogen by weight. 

Bunsen" has given a method of analyzing nitrates and nitrites 
which renders it possible to determine all the constituents of the 
salt in a single analysis. This method consists essentially in 
igniting the salt in an atmosphere of nitrogen gas, absorbing the 
oxygen evolved by metallic copper, and collecting the water in 
a chlorid of calcium tube. The nitrogen in the salt is given by 
the loss of weight in the apparatus. 

In those analyses of nitrates or nitrites in which it is only de- 
sired to determine the nitrogen, the following process may be 
employed with advantage. A hard glass tube, about six inches 
in length, is sealed at one end, and its volume determined by 
filling it with mercury and pouring this into a graduated vessel. 
The tube is to be carefully dried and weighed with a good cork: 
it is then to be filled with finely divided metallic copper, pre- 
pared by reduction of the oxyd, so as to enable the operator to 
judge of the quantity necessary. The salt to be analyzed is 
then weighed and mixed with the metallic copper, either in a 

'* Ann. der Chemie und Pbarmacie, Izxii, 40. 
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mortar or with a mixing wire in the tube, and the tnbef with its 
contents and cork is again weighed. The weight of the copper 
employed is thus known and its volume may then be founa by 
dividing this weight by the density of metallic copper. A 
weighed chlorid of calcium tube is then adjusted as in organic 
analysis, and the combustion tube is heated in the usual manner. 
When the combustion is finished, the open end of the chlorid 
of calcium tube is sealed with the blowpipe flame and the com- 
bustion tube allowed to become perfectly cold. The chlorid 
tube is then removed and weighed, and the combustion tube 
also weighed with its cork. The increase in weight of the chlo- 
rid of calcium tube gives the amount of moisture in the copper 
and the water in the salt analyzed. The loss of weight in the 
combustion tube gives the nitrogen in the salt after correction 
for the oxygen in the tube, for the moisture in the copper, and 
for the water in the salt. The correction for the oxygen in the 
combustion tube absorbed by the copper is easily found, with a 
sufficiently close approximation, by subtracting the volume of 
the copper from that of the tube, finding the weight of the re- 
sidual air, taking one-fifth of this as oxygen^ and considering 
the whole of this oxygen as absorbed by the copper. A piece 
of asbestos may be placed between the copper ana the cork with 
advantage, but this renders an additional correction necessary. 
Two analyses were executed by this methods In the first a 
sample oi pure saltpetre gave 13'86 per cent nitrogen ; the 
formula KO, NO 5 requires 13*86 per cent. In the second a 
specimen of the commercial salt gave 13*7 per cent nitrogen, 
while the same salt analyzed by Simpson's method, in which the 
volume of the nitrogen is determined, also gave 13*7 per cent. 
The whole analysis, with the weighings, m^ easily be executed 
in an hour and a half by a single person. It is easy to see that 
this method applies to all inorganic nitrates and nitrites^ whether 
hydrous or anhydrous, but that it can not be employed in the 
case of organic or ammoniacal salts. In the analysis of inor- 
ganic nitrates or nitrites by Simpson's method, it is not necessary 
to use oxyd of mercury to prevent the formation of deutoxyd 
of nitrogen. In all such cases it will be found sufficient to mix 
the salt with pure metallic copper. In this manner the dimen- 
sions of the combustion tube may be greatly diminished. I 
have also found it advantageous to pump out the air from the 
combustion tube by a small hand air-pump before disengaging 
carbonic acid from the carbonate of manganese. By alternately 
pumping and filling the tube with carbonic acid the air may be 
completely expelled before the combustion commences. It is 
also better to draw the tube out before a Bunsen's gas-blast, as it 
is difficult to make a cork and india-rubber connector perfectly 
tight. With a little practice the drawing out is easily effected 
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even with the hardest combustion tubes. Where many ntirom 
determinations are made it will be found convenient to empToj 
printed forms for logarithmic calculation, the logarithmic ooii- 
stants of reduction being printed upon the form itself in their 
proper places." 

8. On the separation of Cerium from Didf/mium and Lanthantm, 

The methods which have been recently proposed for the mp- 
sration of cerium from lanthanum and didymium are &miliar 
to chemists, and do not require recapitulation in Ibis plaoa 
They all depend, like the older methods, upon the oxydation of 
cerium to a sesquioxyd or to CcjO^, and upon the formation of 
insoluble basic salts of the sesquioxyd. No one of these meth* 
ods effects a complete or quantitative separation, though all 
afford means of obtaining salts of cerium in a state of chemical 

{mrity* The following observations upon this subject are be- 
ieved to be new. When a salt of cerium, lanthanum^ and 
didymium is boiled with dilute nitric acid, and peroxyd of lead 
added to the solution, the cerium is quickly, and under some 
circumstances completely, oxydized, the solution becoming more 
or less deeply orange-yellow. This process affords an extremelj 
simple and delicate test for cerium ; it succeeds with all the salts 
which are soluble in nitric acid, though of cx>urse when the 
mixed oxalates are tested the oxalic acid is oxydized to carbonic 
acid before the characteristic cerium-yellow appears. For the 
purpose of testing it is sufficient to dissolve the salt to be exam- 
mea in nitric acid diluted with its own volume of water, to add 
a small quantity of pure peroxyd of lead and boil for a few 
minutes, when the smallest trace of cerium can be detected 
by the yellow color of the solution. The reaction is here ex- 
actly analogous to that of nitric acid and peroxvd of lead with 
solutions of manganese, which last is oxydized, not as Gram, 
supposed, to hjpermanganic acid, but, as Bose has shown, to 
sesquioxyd. 

When a solution containing a salt of cerium dissolved in stronff 
nitric acid is boiled for a short time with a large excess of peroxyd 
of lead, oxygen gas is copiously evolved, and at the same time 
the sesquioxyd of cerium formed at first is completely reduced 
to protoxyd, the solution becoming perfectly colorless. The re- 
markable reaction which occurs in this case appears to be con- 
nected with the formation of nitrate of lead, since, when the 
solution of protoxyd of cerium contains a large excess of thk 
salt the cerium is not peroxydized by boiling with nitric acid 
and the peroxyd. Solutions of cerium salts are also oxydized 
by boiling with peroxyd of lead and dilute sulphuric acid, but 

" Such printed forms may be had from the publishers of this Journal at sb 
almost nominal price. 
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the protoxyd of cerium in tbe nearly insoluble double sulphate 
of soda and the cerium metals is only partially oxydized by 
heating with strong sulphuric acid and peroxyd of lead althouga 
oxygen is freely evolved. 

A solution of hypermanganate of potash has no immediate 
action upon a solution of protoxyd of cerium either in nitric or 
in sulphuric acid, the violet color remaining unchanged even in 
a hot solution. On boiling for some time, however, the color 
changes slowly, the solution gradually becomes yellow and a 
brown flocky precipitate is thrown down, which consists of hy- 
drate of sesquioxyd of manganese. 

According to StapflF, a solution of hypermanganate of potash 
is immediately decolorized by a solution of the sulphate of po- 
tassium and protoxyd of cerium in chlorhydric acid, but after 
some time chlorine is evolved and the sesquioxyd of cerium 
found is reduced to protoxyd. It is clear that in this case the 
oxydizing agent is chlorine. The further investigation of this 
subject was committed to Dr. T. M. Drown, who has obtained 
the following results. 

When a solution of cerium, didymium, and lanthanum, is 
treated with nitric acid and peroxyd of lead in the manner 
pointed out above, the deep orange colored liquid evaporated 
to dryness, and heated for a short time to a temperature suffi- 
ciently high to expel a portion of the acid, it will be found that 
boiling water acidulated with nitric acid dissolves only the salts 
of lanthanum and didymium, leaving the whole of the cerium 
in the form of basic nitrate, insoluble in water. The insoluble 
matter is to be filtered off and thoroughly washed. A current 
of sulphydric acid gas passed into the filtrate removes the lead, 
after which the lanthanum and didymium may be precipita- 
ted together as oxalates, which if the process has been care- 
fully performed, are perfectly free from cerium. The mass on 
the filter is readily dissolved by fuming nitric acid. Sulphydric 
acid is then to be passed through the solution sufficiently diluted 
with water until the lead is completely precipitated. The cerium 
may then be thrown down by oxalic acid, ignited and weighed 
as Ce3 O4, or as sulphate. In this manner Dr. Drown obtained 
in four analyses of the same salt 

DiO and LnO = 24-84, 25-31, 26-64, 24-66 per cent. 

Nitrate of protoxyd of cerium obtained by this process gives, 
when tested by the spectroscope with transmitted light, even in 
very thick layers, a scarcely perceptible indication of didymium. 
I may here mention that Gladstone's lines furnish, with proper 
care, the most delicate test for the presence of didymium which 
we possess. It is only necessary to transmit the light through 
very thick layers of liquid and to employ a condensing lens so 

Am. Jour. Sgl— Second Sbbibs, Vol. XXXVII, No. llt—MAT, 1864. 
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as to throw the transmitted light directly upon the slit of tbe 
spectroscope. 

4. On the separation and estimation of cerium. 

The precipitation of cerium in the form of oxalate from a 
slightly acia solution is unquestionably the most satisfactory 
method of separating the oxyd. The estimation of the oxalate 
upon a weighed filter is accompanied with the usual trouble and 
loss of time in perfectly drying the filter before and after collect- 
ing the precipitate upon it. By the following mode of proceed- 
ing, these dimculties may be easily and completely avoided. The 
solution of cerium, (I understand here the usual mixture of ce- 
rium, lanthanum and didymium,) when neatral, is to be rendered 
slightly acid by sulphuric or chlorhydric acid and then largely 
diluted with water. Half a litre of water for every estimated 
gramme of oxyd is a good working proportion. The solution is 
then to be boiled and a hot solution of oxalic acid or oxalate of 
ammonia added. On cooling, especially when the solution has 
been well stirred with a glass rod, or shaken, the oxalate separ- 
ates in large crystalline grains of a pale rose-violet color. Tlie 
precipitate is to be filterea off and well washed with boiling water, 
the washing being extremely easy in consequence of the coarse 
granular character of the precipitate. The filter is then to be 
pierced and the oxalate carefully washed down into a crucible, 
after which the water in the crucible may easily be removed by 
evaporation and the oxalate dried at a temperature of 100° C. 
The equivalents of lanthanum and didymium are so near to that 
of cerium that no very sensible error is committed by consider- 
ing the mixed oxalates as consisting simply of CeO C , , +3 aqs. 
In mineral analyses in which the relative quantity of oxygen in 
the acids and bases must be determined with accuracy, it may be 
desirable to ascertain the quantity of oxalic acid in a weighed 
portion of the oxalates by combustion with oxyd of copper. 
From this the acid in the entire precipitate may be found, and 
the oxygen in the three bases will then be one-third of the oxy- 
gen in the acid. 

5. On the quantitative separation of cerium from yttrium, alumin- 
um, gludnum^ manganese, iron and uranium. 

The relations of the three metallic oxyds of the cerium group 
to sulphate of potash have long been familiar to chemists, and 
have furnished methods of separation from other oxyds which 
are still in use. In examining this subject I have found that sul- 
phate of soda possesses great advantages over sulphate of potash, 
the double sulphates of sodium and the protoxyds of cerium, 
lanthanum ana didymium, being absolutely insoluble in a satu- 
rated solution of sulphate of soda. On the other hand, die 
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doable sulphates of sodium and glucinum, aluminum, yttrium, 
protoxyd of iron, and sesquioxyd of uranium, are readily solu- 
ble in sulphate of soda and may easily be washed out from the 
highly crystalline insoluble double sulphates of the cerium group. 
In the analysis of minerals in which cerium occurs with one or 
more of the other oxyds, the following method may be employ- 
; ed with great advantage. The oxyds are to be brought into the 
; form of sulphates, dissolved in the smallest quantity of water, 
: and a saturated solution of sulphate of soda added, together 
I with a sufficient quantity of the dry sulphate in powder, to sat- 
■ urate the water of solution. It is most advantageous to use hot 
solutions. The insoluble double sulphates of soda and the ceri- 
um metals separate immediately, as a white, highly crystalline 
powder, which is to be brought upon a filter and thoroughly 
washed with a hot saturated solution of sulphate of soda. After 
washing, the double sulphates upon the filter are to be dissolved 
in hot dilute chlorhydric acid, the solution largely diluted with 
water, and the cerium metals precipitated by oxalate of ammo^ 
nia, in the manner already pointed out (4). From the filtrate, 
the oxyds of the yttrium group may be precipitated at once by 
oxalate of ammonia, after peroxydizing the iron by means of 
chlorine water, and rendering the solution slightly acid with 
chlorhydric or sulphuric acid. The only precaution to be taken 
in this process is to reduce the iron completely to the form of 
protosulphate before precipitating the cerium with sulphate of 
soda. This is best accomplished by means of a current of sul* 
phydric acid gas passed into the hot solution. The precipitated 
sulphates always contain iron when this precaution has been neg- 
lected. This iron is easily detected in the filtrate from the oxa- 
lates, and may be precipitated by ammonia and added to that 
obtained from the main solution. 

6. On the employment of fluohydrate of fluortd of potassium in 

analysis. 

The facility with which the double fluorid of titanium and po- 
tassium, or fiuotitanate of potassium, separates in a crystalline 
state from hot aqueous solutions, on cooling, suggested to Wdh- 
ler the best method at present known for obtaining pure titanic 
a^id. In Wohler's process, rutile or titaniferous iron is fused 
with an excess of carbonate of potash, the fused mass treated 
with water, which leaves the greater part of the iron undissolved 
and the filtrate saturated with fluohydric acid. By recrystalliza- 
tion the fiuotitanate TiFg KF, or perhaps more correctly, Ti^F^, 
2KF, may be obtained in white, scaly crystals, resembling boric 
acid; from this salt pure titanic acid is easily obtained by pre- 
cipitation with ammonia. Marignac modified this process very 
advantageously in the treatment of zircon to obtain pure zirconic 
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acid. The zircon was fased with fluohydrate of fluorid of potas- 
gium directly. In this manner a perfect resolution of the min- 
eral was easily obtained ; the fluozirconate of potassium was then 
dissolved out from the insoluble fluosilicate by hot water, acidu- 
lated with fluohydric acid. The observations of Wohler and 
Marignac suggested to me a further extension of the same pro- 
cess, the general result of the investigation being that fluohy- 
drate of fluorid of potassium or sodium may be employed with 
great advantage in resolving minerals containing metallic oxyds 
of the types RO3 and E^Oj. The special results are as foUowa 
Qlucinum. — Glucina, purified from iron and aluminum by the 
usual methods, is to be fused with twice its weight of fluohy- 
drate of fluorid of potassium, and the fused mass treated with 
boiling water, to wnich a small quantity of fluohydric acid has 
been added. On filtering a notable quantity of the insoluble 
fluorid of aluminum and potassium almost always remains upon 
the filter, even when the separation from glucinum has been 
carefully executed, by means of carbonate of ammonia. The 
filtrate, on cooling, deposits colorless transparent crusts of the 
double fluorid of glucinum and potassium which are easily pari* 
fled by recrystallization. This method aflbrds the simplest— I 
am almost disposed to say the onlv — method of obtaining a chem- 
ically pure salt of glucinum. The double salt is apt to contain 
an excess of fluorid of potassium. To obtain it perfectly pure for 
analysis, Mr. J. C. Newbery fused the fluohydrate of potassium 
with an excess of glucina. The salt as thus obtained gave him 

Glttcinum, . - - 
Potassium, . . - 
Fluorine, . - - 

' 100-00 99-96 

which corresponds precisely with the formula G^Fj+SE^F, if 
glucinum be taken as 7, or with GF+KF, if glucinum be taken 
as 4'66. In this analysis the fluorine was estimated by the loss. 
Berzelius gives the formula GjFg+SKF. Glucina may be ob- 
tained directly from beryl, as Mr. Newbery" has found, by fusing 
the finely pulverized mineral with fluohydrate of potassium, 
dissolving out the soluble double fluorid of glucinum and potas- 
sium, and purifying by recrystallization. As, however, oeryl 
contains only 18 or 14 per cent of glucinum. this process is not 
economical. It is better to separate the other oxyds as far as 
possible by the ordinary methods and then to purify the crude 
glucina by the process above pointed out. It is perhaps worthy 
of notice that while almost all proto- and sesquioxyds give insol- 
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* Found. 


6-74 


6-70 


47-73 


47-76 


46-53 


46-50 
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Prof. Joj had already remarked that beryl may be completely resolyed by 
fusion with fluorid of potassium. See this Journal for July, 1868. 
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able double salts with fluorid of potassium, the fluorid of gluci- 
Bum behaves like a bifluorid, so as to suggest that glucina maj 
possibly be GO^ instead of GO or GjO,. Ammonia precipitates 
glucina directly from the solution of the double fluorid. When 
a solution of fluorid of sodium is added to one of aluminum and 
glucinum, the whole of the aluminum is thrown down in the 
form of cryolite, Al^Fg, 3NaF, while the glucinum remains in 
solution. It is probable that this method will give accurate 
quantitative results. 

Hyponzobic acid. — ^I am indebted to the kindness of Prof. B. 
Silliman, Jr., for a liberal supply of columbite from Middletown, 
Connecticut. Mr, P. W. Tustin has found that the finely pul- 
verized mineral treated with a solution of three times its weight 
of fluohydrate of potassium is almost completely resolved during 
the mere process of evaporation to dryness. The dry white 
powder thus obtained by fusion in a platinum crucible gives a 
oeautiful rose-colored mass which is easily separated from the 
erucible, and which in a moist atmosphere falls to a crystalline 
powder. On boiling with water acidulated with fluohydric acid 
a clear solution is obtained, from which, on cooling, hypo-fluonio- 
bate of potassium separates in colorless crystals. By repeated 
crystallization, the salt may be obtained free from iron ana man- 
ganese, but containing an excess of fluorid of potassium. It is 
better, however, to pass a current of sulphydric acid gas through 
the solution to remove traces of tin and tungsten and reduce the 
iron to proto-fluorid and afterward to evaporate and crystallize. 

When the object in view is simply to prepare perfectly pure 
hypo-fluoniobate of potassium, it is better to fuse one part by 
weight of columbite with two of fluohydrate of potassium. The 
fused mass has then a greenish tint. It must be rubbed to verj 
fine powder before boiling with water acidulated with fluohydno 
acid. After passing sulphydric acid gas through the solution and 
filtering, the hypo-fluoniobate crystallizes in colorless acicular 
crystals which must be purified by repeated crystallization. The 
salt is much more soluble in hot than in cold water. In this 
process a considerable quantity of fluosilicate of potassium, fluo- 
rid of calcium, quartz, and other impurities, usually remain upon 
the filter, with the sulphids of tin and tungsten. The difficulty 
in this process consists in separating the iron, when, as in the 
mineral columbite, this is present in comparatively large quan- 
tity. In this case very large platinum or silver vessels and nu- 
merous recrystallizations become necessary. It is better, there- 
fore, in preparing large quantities of pure hyponiobic acid to 
fuse with fluohydrate of potassium, dissolve the fused mass in 
water as before, and filter to separate quartz, fluosilicate of po- 
tassium and fluorid of calcium, evaporate the solution to dryness 
and heat with pure sulphuric acid until the whole of the fluorine 
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is expelled. By diluting with water and boiling, the whole of 
the hyponiobic acid is precipitated. If after the precipitation 
rochelle salt is added, and the whole is boiled, the hyponiobic 
acid will be almost completely free from iron, manganese, tungs- 
ten and tin. After thorough washing, it may be again fused 
with fluohydrate of potassium, and the double fluorid obtained 
perfectly pure by recrystallization. 

Chromic iron ore, — Mr. P. C. Dubois has found that the finely 

Eulverized ore may be completely resolved by fusing it at a red 
eat for ten or fifteen minutes over a blast lamp with four or five 
times its weight of fluohydrate of potassium. The fused mass 
has a clear green color. By treating this with sulphuric acid 
until the whole of the fluorine is expelled, and then adding water, 
the chromium iron and aluminum are completely dissolved as 
sesquisalts. Perhaps the easiest method of separation is the fol- 
lowmg. To the solution an excess of caustic soda is added, after 
which, without filtering, chlorine gas is to be passed through 
until the sesquioxyd of chromium is convertea into chromic 
acid. The solution is then to be heated to expel excess of chlo- 
rine, nitric acid added in slight excess, and the sesquioxyd of 
iron and alumina precipitated by ammonia. To the filtrate, 
acetic acid is to be addea in small excess, after which the chro- 
mic and sulphuric acids may be precipitated together by acetate 
of lead. The precipitate after washing is to be boiled with 
chlorhydric acia and alcohol, the lead separated as chlorid and 
the chromium determined in the usual manner as sesquioxyd. 
This method gives a complete separation, even when magnesia 
and nickel are present in the ore. 

Tinstone, — Mr. J. W. B. Hallett has found that tinstone is very 
easily resolved by fusion with three or four times its weight of 
fluohydrate of potassium. The mineral must be finely pulver- 
ized. The fused mass may be treated directly in the crucible 
with sulphuric acid to expel fluorine, after which, by adding 
water, filtering and boiling the filtrate, the whole of the tin may 
be thrown down as stannic acid, which is to be separated from 
traces of iron in the usual manner. This method of resolving 
the ore of tin is verv much more convenient than fusion with 
caustic alkalies, or with sulphur and carbonate of soda. 

From what has been said it will appear that fluohydrate of 
potassium possesses peculiar advantages in resolving those min- 
erals which contain metallic acids of the type RO^ or hyponio- 
bic acid. The salt is easily prepared in a state of purity and 
may be preserved in vessels of lead or of vulcanized india-rubber 
or gutta-percha. 

Cambridge, Mass., Jan. 18th, 1864. 
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Abt. XXXII. — On Shepard's Paracolumbite; by Mr. F. PiSANi 

of Paris/ 

Professor Shepard has given the name Paracolumbite to 
a black mineral found in small grains, or irregular seams, in the 
granite of Taunton, Massachusetts. According to a qualitative 
examination made by this mineralogist, paracolumbite contains 
fluohydric acid, iron and uranium, but no titanic acid. 

Having at my disposition authentic specimens of this sub- 
stance, received from the author himself, I have been able to 
study its chemical composition. I have thus ascertained, that 
the paracolumbite is nothing more than a titaniferous iron, mixed 
with a little gangue, from which it is e^ctremely difficult to sepa- 
rate it entirely fay mechanical means. The mineral occurs in 
black granules that on pulverization give an equally black pow- 
der. Hardness 4'5. Density 4'363. Before the blowpipe fuses 
to a black magnetic globule. Partially attacked by chlorhydric 
acid, and this solution heated with tin gives a violet color. En- 
tirely decomposed by prolonged heat with concentrated sul- 
phuric acid ; the addition of cold water gives a solution which 
on boiling becomes cloudy with deposition of titanic acid. 
Shepard,' on the contrary, states the solution obtained by decom- 
position with sulphuric acid is not rendered milky by boiling, 
and that the metallic acid contamed in paracolumbite is not 
titanic acid. 

A (quantitative analysis made by attacking the substanoe 
with bi-sulphate of potash gave the following results : 

Titanic acid, - • - 86*66 

Ferrous oxyd, ... - - 8908 

Ferric oxyd, - - - • - 8*48 

Silica and insoluble, .... 10*66 

Alumina, - . - - . '^•66 

Lime, .--... 2*06 

Magnesia, ..... 1*94 

100-64 

Deducting from the analysis the silica, alumina and lime 
which belong to the gangue, it is obvious that the mineral is an 
ordinary titanic iron. Paracolumbite cannot therefore be con- 
sidered a distinct mineral species. It is identical with titanic iron. 

^ Communicated by the author. ' Mineralogy, 2d edition, (1867,) page 287, 

Paru, (France,) Feb. 4th, 1864. 
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Abt. XXXIII. — On the Q'etaceous and Superior Formation$ cf 
West Tennessee ; by Jas. M. Saffobd, Lebanon, Tenn. 

In this article I propose to enumerate and describe briefly, so 
fSur as my examinations will permit, the Cretaceous and higher 
formations of West Tennessee. But before commencing with 
the lowest in order, it will be well to notice first the formation 
of gravel that is so common and conspicuous in the Western Val- 
ley of the Tennessee river ^^ and that rests upon all the formations 
occurring in this region excepting the alluvium of the bottoms. 

The Western Valley Gravel. — This formation is, by no means, 
continuous over the whole area to which it belongs. It occurs 
in patches, or detached beds, depending much, in this respect, 
upon the nature of the surface on which it rests, and upon the ex- 
tent to which it has been denuded. The beds, however, often 
cover locally large areas, the observer travelling upon them with- 
out a break for many miles. Their thickness is not great, rarely 
exceeding fifty or sixty feet, and being generally much less. 

This gravel was doubtless deposited aft^er the valley had re- 
ceived, for the most part, its present general form. Its beds are 
found upon the bluffs of the river, upon the uplands back of the 
bottoms and upon comparatively high ridges, being always the 
uppermost formation. It is often seen as far back as eight or 
ten miles from the river on both sides. On the eastern side it 
extends farther, and frequently caps the very high ridges of this 
part of the State, some of which are 800 feet above the sea. In 
this direction it extends, at some points, a few miles beyond the 
limit that 1 have given to the Western Valley. In a northerly 
and southerly direction, it skirts the river all along, on both sides, 
from Alabama and Mississippi to the Kentucky line. 

The materials of the formation are water-worn siliceous pebbles 
with more or less sand, the latter, however, not prominent. The 
pebbles have been derived mostly from Carboniferous rocks. 
The worn pebbles are sometimes locally mingled with angular 
cherty fragments ; but in such cases the beds are in the vicinity 
of Paleozoic rocks, the known source of the angular chert. Not 
unfrequently masses of the gravel may be seen cemented, usually 
by oxyd of iron, into heavy blocks of coarse conglomerate. At 
some of the iron-ore banks within the limits of this formation, 
we find sections presenting mingled masses of worn pebbles, an- 
gular chert, and hematite in irregular fragments and in " pots," 
the masses occasionally cemented into solid blocks. 

' Or Bimply the Weitern Valley, I give this Dame to the comparatively narrow 
and broken valley through which the Tennessee flows in its course from Alabama to 
Kentucky. 
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The exact age of this formation is not known. It is certainly 
of later date than the Cretaceous beds in the Western valley. 
It maybe synchronous with the gravel of 
the Mississippi bluffs; but of this I have 
no satisfactory proof.' (This gravel is not 
indicated on the map. It is represented in 
the section at its eastern end by the group 
of dots.) 

Excepting the Paleo^soic rocks and the 
gravel just noticed, the distinctive groups 
of West Tennessee may be designated as 
follows : 

9. Bottom Altuvium, Modern. 

8. Jituff Loam^ Post-tertiary. 

7. Bluff Gravely " " 

6. Bluff Lignite^ (provisional), Tertiary ? 
6. Orange Sandy or LaOrange 

Group, Tertiary. 

4. Porter'^H Creek Group, (pro- 

vi:iionHl)f " f 

3. Ripley Group^ (provisional), Cretaceous. 
2. Green Snnd, or the shell-bedy " 

1. Coffee Sandy " 



-C6iflfehrille379. 



-Lafayette 316. 



~MMeow362. 



- LaOrange 531. 
r Grand Juncti'n 575. 



'- Saulsbury 536. 
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- Porter's Cr. 

- MiUdleioD 407. 

- Muddy Cr. 

" Pocuhontaa 394. 

-BigHilL 

- Chawalla 409. 

- Mita. k, Tenn. lino. 



* At no point in Tennessee have I seen gravel run- 
ning under the Cretaceous beds. In northeastern Mis- 
sissippi I liave observed some doubtful evidences of g 
thi:*. Should such beds be found it will make the h 
gravel of different a^es. In the hitter ca*te, a portion h 
of the deposits might be reganled as the remains of § 
the ancient shingle of the Cretaceous sea, or estuary. » 
So far, however, as ray observations have extended, I m 
am compelled to refer all the deposits, in Tennessee 
at least, to the same epoch. o 

As to the waters which brought and deposited this ^ 
gravel, the impressions received in the field are that "^ 
Its prt«ence is due to the former existence of a large ^ 
and powerful stream occupying the Western Valley, ^ 
and perhaps flowing from the north, but liaving littie g 
or no connection in Tennessee with the water of the p 
immediate valley of the Mississippi, the two valleys 
and their waters having been separated by the high* 
lands or plateau of West Tennessee. In Kentucky and 
Kississippi, in one or both, these bodies of water may 
have united. 

Drs. Harper and Hilgard, in their respective Missis- 
sippi Reports, assf>ciate this gravel with a superficial 
but very general formation to which they give the 
name of ^'Orange (iand^ This, they state, ovi^rlies the 
greater part of the State of Mississippi, and conceals, to 
a great extent, many of its more normal formations. 
The name Orange Sand was originally applied by me 
to a provisional series of strata for the most part 
equivalent to Hilgard's Northern lAgnitic. With the 
exception of the gravel described above, I am not prepared to admit the existence 
in Tennessee of the " Orange Sand** as understood by them. 

Am. Jour. Sci.— Second Series, Vol. XXXVII, No. Ut.—MkT, 1864. 
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On the map and in the section accompanyins this article the 
areas occupied respectively by these beas are laid off, and are 
numbered as above.* 




The Paleozoic rocks occupy a narrow irregular belt, (marked 
o, o, upon the map,) averting about five miles in width, and 
lying along the western side of the Tennessee river. This belt 
is interrupted near the southern part of the State, in Hardin 
county, the river bending to the west and striking the Gofftt 
sand. Within it are beds of the Hudson, Niagara, Lower HeUer- 
herg, Qenesee, [Black Slate,) and Suh-carbont/erous epochs, I do not, 
however, propose to dwell upon these here, and therefore pass 
on to the beds and groups enumeruted above. 

1. The Coffee Satid. — This, the oldest Cretaceous group seen »t 
the surface in Tennessee, overlaps the western bevelled edge of 
the Piileozoic rocks. It is the northern extension of the Tom- 

■ The section is mnde along the line of tlie Mcmpliis Hnd Cbnrleiitoii B. R. fna 
the AInLRma line. t]irou);b the norlheasterti fnrner of Mississippi and the suulbeni 
pMt of West Tennessee, to Heniphia. Its base-line represents the level of ih 
sea. above which the highest points of tlie section are about 000 feet. The leagd* 
of the section h ISOmileB. 



i 
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iigibee sand of Hilgard, which most likely ought to be included 
in his Eutaw Group, Its outcrop occupies a belt of territory 
varying from about two to eight miles in width, and running 
more than half way through the State.* (See 1, 1, on the map.) 

As before stated, the Tennessee, in the southern part of the 
State, strikes this group. The river here washes the sand, along 
its western bank. Tor eighteen or twenty miles and presents us, 
at intervals, with several bluffs that exhibit interesting sections. 
The bluifs are much alike; they vary from 80 to 100 feet in 
height, and are all capped with a layer of gravel belonging to 
the gravel bed described. The principal ones, (indicated on the 
map by short heavy lines,) are the Coffee Bluff, sometimes 
strangely called " Clialk Bluff^'^ at Coffee Landirig^ (C. on the 
map,) that at Crump^s Landing^ and the one at Pitlshurg Land- 
ing^ (P. on the map). The first, which gives name to the bed 
under consideration, is nearly two miles long. One of its sec- 
tions will be given below. 

This group consists mostly of stratified sands usually contain- 
ing scales of mica. Thin leaves of dark clay are often inter- 
stratified with the sand, the clay leaves occasionally predomina- 
ting. Sometimes beds of dark laminated or slaty clay of con- 
siderable thickness — from one to twenty feet or more — are met 
with in the series. It very generally contains woody fragments 
and leaves converted more or less into lignite. Silicified trunks 
of trees are not uncommon. The maximum thickness of the 
series in Tennessee is not known ; it is probably not far from 
200 feet. 

A section of the bluff at Coffee may be taken as a type of the 
materials and stratification of this group. 

4.. On top ; gravel and ferruginous conglomerate. 

3. Sandsj with thin laminae of slaty clay; mucli like No. 1 below. 10 feet. 

2. Slali/ clay^ with but little sand ; contains fragments of wood 

and leaves. 20 feet. 

1. Orey and yellow sands^ interstratified with numerous thin 
laminae and some thicker layers of slaty clay; strata of sand 
occasionally from three to six feet without clay. Leaves, in 
fragments, and pieces of lignitic wood abundant. Projecting 
from the mass are the ends of two large trunks, their bark con- 
verted into lignite and their wood silicified. 

Contains pyrites and yields proto-salts of iron and ferrugin- 
ous waters. 

Extending to the water^s edge. - • • 65 feet. 

* There is some doubt in re^rd to the northern limits of this and the succeeding 
group, {No. 2,) a doubt expressed upon the map by the broken lines bounding the 
latter. Tlie limits of both are satisfactorily known as far as the lines continue un- 
broken, but beyond this they are not easily determined and require more examina- 
tion. The outline given is probably not fkr from the correct one. 
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In low sheltered places the sands in the exposures of this 
group are generally dark grey and contain pyrites. In exposed 
situations, however, as in old washes or near the surface, their 
contents become peroxydized, their lignitic matter is removed, 
(consumed,) and the sands assume brighter colors, becoming 
white, yellow, red or orange, as the case may be. 

Although fragments of leaves are abundant at some localities, 
yet it is difficult to obtain good specimens. None that I know 
of have been described. Within the limits of Tennessee 1 have 
not found any animal remains in this group. Along the Mem* 
phis and Cliarleston railroad, in Mississippi, I have seen many 
imperfect casts of shells in its southern equivalent, the Tomhig' 
bee sand. One of these was forwarded, with other Cretaceous 
fossils, to Mr. Wm. M. Gabb, of Philadelphia, who described it 
as VoluUlithes Saffordi\ giving "Tennessee" by mistake as the 
locality. {Jour, Acad. Nat i&L, [2], iv, 299.) The specimen 
was obtained from a cut about three miles and a half west of 
Burnsville. 

2. 27?e Oreen Sand^ or the shell-bed. — At many points along its 
eastern edge this bed is seen resting upon the Coffee sand. Its 
mass consists generally of fine quartzose sand mixed with clay, 
forming a clayey sand, which is more or less calcareous. It con- 
tains fjreea grains throughout, though not abundantly, and fine 
scales of mica. Owing to the clay present and a certain degree 
of induration, the mass is generally firm enough to form the 
walls of the " bored wells,'' tubing being dispensed with.* When 
dry, the material of the formation has a greenish gray color 
which becomes much darker when wet. It has much uniformitv 
in character. That of different layers, however, differs to some 
extent in hardness, and in the proportional amount of green 
grains. Some of the harder layers are called "rocks*' by the 
well-borers. There is such a layer very generally at the bottom 
of Jibe series. 

Below the soil, for ten or twenty feet from the surface, the 
Green sand is usually converted by atmos))heric agencies into a 
greyish or .dirty-buff tenacious material locally called ^^ joint chy^^^ 
from its tendency to cleave, when losing moisture, in irregular 
block-like masses. 

It abounds in shells. Exogyra costata, Oryphosa vesicularis, Os- 
trea larva and Anomim^ are found at nearly alL exposures. At 
numerous points, whitish clayey or marly "bald places," or 
" glades," nearly or quite destitute of soil and vegetation, are 

• To obtain good water in the region of the Green sand it is often necesMiry to 
bore tliroii^b tiie formation to tlie Coffee fand Upon reaching tliis, drinkable vi* 
ter rises often to within a few feet of the surface, depending much however as to 
this upon tlie elevation of the iQoutb of the well Mas^ such wjeUs have bees 
bored in Tennessee. 
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met with, strewed over which, individuals of the species men- 
tioned, and of others, are abundant, the large shells being very- 
conspicuous. This formation is preeminently the shtll-hed of the 
Post-paleozoic beds of West Tennessee. A list of species col- 
lected is given below. It also contains wood and leaves, but not 
as abundantly as the Coffee sand. 

This bed is the northern extension of the Rotten limestone 
of Mississippi and Alabama. Its outcrop in Tennessee occupies 
a belt of the surface averaging about eight miles in width for at 
least half way through the State. (2, 2, map and section,) Fur- 
ther north it soon becomes inconspicuous. Its limits in this di- 
rection have not been satisfactorily made out. The broken lines 
mark its probable extension and termination. Its thickness is 
known from data supplied by the well-borers. Along the west* 
ern margin of its outcrop it varies from 200 to 350 feet, the 
maximum being in the southern part of the State, 

The list below contains the species collected by myself from 
this bed. These, together with the species collected from the 
succeeding group, were submitted to the examination of Messrs. 
Conrad and Gabb. The new forms were described by them in 
the Jour, Acad. Nat. Sci.^ vol. iv, 2d series. In their descrip- 
tions some are referred to wrong localities. The principal and 
correct localities are indicated upon the map by small crosses, 
and will bc^designated in the list by letters. They are as follows : 

(a.) The first, at the very bottom of the bed, in a cut of the Memphis 

and Charleston R. B. about 2^ miles east of Corinth, (C.) Mississippi. 
(6.) The *^Bald Uills/' 14 or 15 miles north of a, in Tennessee, and 8 

miles northwest of Monterey, in McNairy county, 
(c.) A bank about 2^ miles east of Purdy, (Pu.) Tenn., and very near 

the top of the bed. 
((/.) A cut in the Memphis and Charleston Railroad very near the point 

where the railroad crosses the Mississippi and Tennessee line. 

1. Platytrochus speciosus^ Gabb and Horn, - - - J. 

2. Cotbtila crassfplica, Gabb, - - - - (f. 

3. Crassatella vadosa^ Mort, (Syn. C, Jlipleyana^ Con.,) - a, c. 

4. Astarte crinultrala, Con., - - - * cf. 
6. Venilia Conrndi, Mort., - - - - - a^e, 

6. Cardium abrujytum^ Gabb, - - - - ^, 

7. Cardium, n. sp., casts. (** Common in New Jersey.*') - a, c, 

8. Trigonia thoracica, Mort., - - - - a^e. 

9. Area Saffordi, Gabh, ----- rf. 

10. Nucula distorla, Gabb, - - - - ^ rf. 

11. CucuUcea Tippana^ Con,, - - - - c. 

12. Ctenoides [Lima) pelaffica, Mort., - - - a. 

13. C. rf/ecw/a/rt, Ly el I and Forbes, - - - - a. 

14. Pec ten virgatus^ Nilsson, - - - - - a. 

15. Neithea occidentalism Con., - • - • - a, &, e. 

(Syn. P. quadricostataj Roemer, and perhaps quinquecostata of Mori.) 
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16. Ostrea Larva, Lam., (Syn. O.falcata, Mort., not Sow.,) - a, 6, c,rf. 

17. 0, plumosa, lAorLj - - - - - a, 6. 

1 8. 0. tecticosta, Gabb, - - - - - a, 6, c, <^. 

(I think this must be 0. crenulaia, Tuomey.) 

19. JSxofft^ra costata^Siiy, - - - - - a, 6, c,i. 

20. Grypftaia veaicularis, Lfim.^ - - - - o,6,C 

(Syn. 0. convexa, Say, aud O, rnutabilis, Mort) 

21. G. Vome7\ Mort, - - - - - a, 6. 

22. Anomia ielUnoides, Mort, - - - - . a, 6. 

23. A, Argentaria,^ov\,y - - - - - a,6, c,rf. 

24. Piacunanomia Saffordi, Con., - - - - a, 6, c, (/. 

(Syn. P. lineata^ Con. P. lineata can be connected with P. <Sa/- 
yore/t by intermediate forms. The species is an abundant and 
variable one. Its individuals are often much larger than those 
figured. Figure 21, pi. 46, {Jour, Acad,^ vol. iv.) shows the ap- 
pearance of the tooth after the enamel j that conts the inside of the 
valves, has been removed. Since the species was described, a few 
perfect valves have been found. The tooth is a promi^ient nearly 
rhombic boss, the inner angle longer than the one behind aud lon- 
gitudinally striated. One muscular impression nearly central; 
another nearer the tooth from which the ossified plug appears to 
start.) 
26. Scalaria Sillimanij Mort, - . - - a. 

26. Natica rectilabrunij Con., ... . c. 

27. Volutilithes Texana, Con., .... a. 

28. Bapa (Pyrula) Hichardsonii ? Tuomey f - - * - a. 

29. E, trochiformis, Tuomey, . • . . a. 

80. Anckura abruptOy Con., ... . c. 

81. Baculites compressus, Shj, - - - - a^e, 

82. Enchodus feroXy Leidy, ... - -6. 

83. Spkyrcena, sp. ? - - - - - a, 6. 

84. Ischyrhiza mira, .... .6. 

Besides these, I have in my collection from this bed uncertain 
species of Teredo^ Serpula^ Bostellaria^ Fuszcs, Turritella and Del- 
phinula, 

3. Ripley Oroup. — This is a provisional series, and is mostly 
based upon observations made along and in the vicinity of the 
Memphis and Charleston Railroad. It is only in this region that 
determinable species have been found, although search has been 
made elsewhere for them. Its northern extension has been in- 
ferred from the general bearings and relations of its strata and 
of those of the adjacent groups. 

, Its outcrop occupies a belt of the surface, (8, 8, on the map,) 
extending through the State and being, along the railroad, about 
fifteen miles wide, but having a less average width. This belt 
is in general rough and hilly. The high ridges dividing the 
waters of the Tennessee and Mississippi rivers lie mostly within 
its area. 
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The group must be of considerable thickness, not less than 
400 or 500 teet. It is mostly made up of stratified sands. Oc- 
casionally an interstratified bed of dark slaty clay, ten to thirty 
feet thick, is met with, but more frequently a sandy bed lamina- 
ted with clayey leaves. In its lithological character, the group 
is much like the Coffee sand. Its sandy mass, as seen at the sur- 
face, is very generally yellow, brown or orange, its contents being 
peroxydized ; occasionally, however, in partially protected or in 
fresh exposures, its material is dark colored, abounding more or 
less in fragmentary lignitic matter. 

The outcrop of the group very commonly presents layers or 
masses of ferruginous sandstone locally indurated by oxyd of 
iron. This sandstone often occurs in plates, scrolls, tubes and 
other curious shapes. At some points, especially upon high 
knobs and ridges, it is found in heavy massive blocks from two 
or three to fifteen feet in thickness. The occurrence of such 
sandstone is, however, common to all the sand-formations of 
West Tennessee. In this group it appears to be especially 
abundant. 

In the vicinity of the Memphis and Charleston Bailroad, in 
Hardeman County, there are in the upper part of the series two 
local beds interesting on account of the fossils they contain. 
The first is a bed of buff grey impure limestone from two to six 
feet thick. It is found on both sides of the railroad near Muddy 
Creek.* It abounds in two or three species of Turritella, (T, Saf- 
fiyrdi^ and pwmiZa q/'Grabb,) Ostrea Vomer , Mort, claws of a Oal- 
lianassa f (for which I propose the name 0. Owyni^^) and other 
species. The position of the limestone is indicated on the map 
by the short, heavy lines near Muddy Creek. It is doubtless the 
"Turritella" and "Bored'' limestone of Hilgard's sections Nob. 
12, 13, and 14 ; pp. 86-88. 

The second is a bed of clayey sand with green grains. This 
has been seen west of the limestone at two exposures; one in a 
small cut on the railroad, about two miles east of Middleton, the 
other about two miles south or southeast of Middleton, on a 
branch of Cypress Creek, (of Hardeman,) and near the "old 
stage road." Each point is indicated upon the map by a small 
cross. 

The following is a list of species from the two beds, to which 
it will be seen quite a number of the forms are common. Most 
of them are described in the Jour, Acad, Nat Set. of Phila., vol. 
iv, 2d series. The localities are (a.) limestone; (b.) sand-bed. 

1, Corhula subcompressay Gabb, - - ' - b. 

2. Venus RipleyanUy Gabb, - - • - a, 6. 

* On the map acccompanying thU article. Muddy Creek is the first stream rep- 
resented east of '< M!* on the railroad. M. is Middleton depot 
^ Dedicated to ?rof. H. A. Gwyn, of Saulsbury, Tennessee. 
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Zi Ctassatella pteropsis, Gabb, - - - - a, 5, 
(Conrad had previoiiflly given this name to a species of OrassateUd; 
Jour, Acad., iv^ 279. I therefore propose C, Gabbi for it) 

4. (7. Monmoulkensii ? Gabb, ... - 5. 

di Cardila iuhquadrataf Gabb, - - , - - h, 

6i Leda protexta, Gabb, - - - - - 6. 

7. Afodiola Saffordi, Gabb, - - - * - -, a, I 

8i Oittrea denticulifera, Con., - - - - a, 5. 

9. 0. crenulimarginata, Gabb, . - . . fc 

(If No. 8 is referred to the proper species, then 0. erenuUmargm- 
ata, Gabb, is, I think, its lower or larger valve.) 

10. GryphcM Vomer, Mort., - - - - - c 

Hi Turriiella TenneMeensis, Gabb, - - - - 6. 

12. T. Saffordi, G»hbi - - - - ^ fl, 6. 

13. T. HardemanensiSy Gabb, - • - - 6. 

14. r. pumila, Gabb, - - - - - o, 6. 
16. ^nlica rectilabrum. Con,, ... .J, 

16. Fasdolaria Saffordi, Gabb, ... - 6. 

17. Neptunea impressd, Gabb, - • r - 6. 
\S. Callianasm? 6^K^yn?, Safiford, - - - - 0,6. 

19. Lamna gracilis ? Ag., .... - 6. 

20. Crocodilut? (Tooth.) .... .J. 

It will be seen that but two species of those given, Ghryphoea 
Vomer and Naiica reciilabrum, are common to this group and the 
Green sand. Localities in Mississippi, howeverj furnish series 
of fossils which unite the groups more intimately. It will be 
found perhaps that the two form paleontologically but one 
formation. 

The group also contains wood and leaves. The leaves are 
generally found in an imperfect condition and have received but 
little attention. As the age of the beds containing them are 
known, their study would be very interesting in connection with 
that of the leaves of the formations further west which are of 
uncertain age. 

4. The PorUr^s Creek Group, — I have heretofore included this 
series in the Orange sand. It may be well however to keep it 
separate until its age is more satisfactorily ascertained. There is 
no marked distinction between this and the adjacent groups, ex- 
cept that it contains proportionally much more laminated or 
slaty clay. The clay has the usual characters, contains mica- 
scales, is dark when wet and whitish grey when dry. The thick- 
ness of the series is perhaps 200 or 300 feet. In this are usually 
several beds of slaty clay from five to fifty feet in thickness. In 
Hardeman county, on Porter's Creek," is a heavy bed said to be 
100 feet thick. I have seen as much as 50 or 60 feet of it exposed. 

• The first creek on the map, west of «M," (Middleton,) on the M. A C. R. R. 
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Along the Memphis and Charleston Eailroad, the belt of sur- 
face occupied by the group is about eight miles wide. It be- 
comes narrower as we follow it northward. (4, 4, on the map.) 
The belt appears to be the northern extension of Hilgaras 
"Flatwoods" region, the group itself forming the lower part of 
his ** Northern Lignitic." I have met with hard layers, ** rocks," 
in this series containing shells, but as yet have found no deter- 
minable ones. In several of the cuts along the M. & C. Bailroad, 
specimens of leaves are found in the clays and sometimes in thin 
local sandstones. The leaves in my collection from this group, 
which are not many, have not been examined. One is much 
like Quercits Sajfordii, Lsqx., of the succeeding group, and may 
be that species ; the others are unknown to me. 

5. The Orange Sand, or LaGrartge Orovp, — The outcrop of 
this group forms more than a third of the entire surface of West 
Tennessee. It occupies a belt about 40 miles wide, which runs 
in a north-northeasterly direction through nearly the central por- 
tion of this division oi the State. (See map and section 5, 5.) 
As seen in bluflFs, railroad cuts, gullies, and in nearly all expo- 
sures, it is generally a great stratified mass of yellow, orange, 
red, or brown and white sands, presenting occasionally an inter- 
stratified bed of white, gray, or variegatea clay. The sand-beds 
are usually more or less argillaceous; sometimes but little or not 
at all so. Like the Ripley Group, it contains patches, plates, and 
thin layers of ferruginous, sometimes argillaceous, sandstone, 
and, as in that group, presents locally massive blocks of sand- 
stone on high points. At La Grange a fine section of the group, 
more than a hundred feet in thickness, is exposed. 

In deep wells dark beds of sand with occasionally one of clay 
are met with. These often contain vegetable matter. Now and 
then the trunk of a tree is encountered, much to the annoyance 
of well diggers. I have seen but one bed of lignite in the group, 
and that a limited one near its southeastern margin. 

It is difficult to estimate the thickness of this group. It doubt- 
less dips, though at a small angle, to the west. Its thickness 
may be assumed to be about' 600 feet. 

At the bottom of a railroad cut three miles south of Somer- 
ville, (S. on the map,) in Fayette county, I collected several 
years ago, from a thin sandstone in place, a series of fossil leaves 
beautifully preserved. The locality is marked on the map by a 
small cross. These were described by Mr. Leo Lesquereux in 
18o9,' and have since been lithographed for my State Report, the 
publication of which has been interrupted by the present un- 

* This Joarnal, [2], xzvii. 863. 

Asc. JouB. ScL— Second Ssbies, Vol. XXXVII, No. llt^OCiT, 1864. 
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happy condition of the country. The following is a list of the 
species as revised by Mr. Lesquereux : 



1. QiLercus myrtifolia ? Willd. 

2. Prunus Caroliniana^ Michx. 
8. Laurus Caroliniensis ? Michx. 
4. FagtLsferruginea, Michx. (Fruit.) 
6. Quercus crassinervis, Ung. 

6. Quercus Safordii, Lsqx. 



7. Andromeda vaccini/olia affinU. 

8. Andromeda duhia^ Lbox. 

9. Eloeagnus inoBqualia, Lsqx. 

10. Sapotacites Americanus^ Lsqx. 

11. Salix? den8inervis,La<{X, 



The first four are recent ; the others are new or unknown. In 
a letter to me of Feb. 1861, Mr. Lesquereux expresses the opin« 
ion that they are of Miocene^ and most likely of Upper Miocene^ 
age. In deference to my excellent friend's opinion, I shall re- 
gard the group as Miocene until more light can be thrown upon 
the question." Had it not been for the present condition of the 
country more ample material would have been placed in his 
hands for study. 

I have not been able to find even the cast of a shell in this 
series. The discovery of a few known species, if such exist, is 
a desideratum. 

6. The Bluff Lignite, — This is a provisional group, and con- 
sists, especially in the middle and southern parts of the State, of 
a series of stratified sands with more or less sandy slaty clay, 
characterized by the presence of well-marked beds of ligniU,^^ 
I have recently included it in the Orange sand. It will be best, 
however, to keep it separate until the questions of age are defin- 
itely settled. The upper part of the series is generally well ex- 
posed below the gravel of the Mississippi bluffs. At Memphis, 
nowe ver, it scarcely appears above low water. About one hund- 
red feet of the series has been seen below the gravel. In this 
thickness it contains from one to three beds of lignite, which are 
from half a foot to four feet in thickness. 

The group has no marked eastern outcrop, and may thin out 
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I must confesH that I cannot rid myself of the impression that this g^np is 
older— at least Eocene. I do not know that I can assign a good reason for this tm* 
premon. I have seen, however, imperfect specimens of leaves in older beds, eveo 
in known Cretaceous clays, much like some of those of this group, although I coidd 
not say they were absolutely identical, on account of their unsatisfactory conditioo. 
I see too that Hilgard is inclined to place his " Northern Lignitic," which indndei 
my Porter's Creek and Orange Sand groups, at the very bottom of the Eocene. See 
bis Report, page 108 and on. 

In reference to the leaves above, it will be remarked that two of the recent spe- 
cies are given with a query ; some doubt, too, is expressed (this Journal, loc, eitX 
with reference to the identity of tlie nut of F. ferruginea. I am aware that Mr. L.i 
opinion is strengthened by the character of leaves from Mississippi. But after all, the 
study special and comparative of the floras of the Tertiary and Cretaceous beds io 
Mississippi and Tennessee, and, may I not say, in America, has been but just com* 
menced, and it may yet be premature to form decided opinions based upon leaves. 

" In the northern part of the State, its upper portion is frequently more or leM 
indurated, presenting layers Of soft sandstone; and here too the lignite is not u 
well seen. 
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n an easterly direction beneath the gravel ; at least, the beds of 
ignite, by which it is characterized, do not appear to extend 
irery far east from the range of the bluflFs. (See section 6.) In 
ny ** Eeconnoissance," p. 102, may be found a section illustrating 
;he Bluff formations. Below, I give another taken on the Missis- 
sippi, at Randolph, Tipton county, the river being four or five 
feet above low-water mark. 

3. Bluf Loam, 68 feet 

Fine siliceous earthy matter of a light ashen or a light buff color, 
containing land-shells. 
7. Bluff Gravel, 24 feet. 

Chert pebbles, and coarse yellow and orange sand, with a bed six 
feet thick of variegated plastic clay beneath. 
6. Bluff Lignite, 90 feet. 

A mass of dark grayish laminated micaceous sand with lignitio 
woody fragments, leaves, <fec. Laminse of sand alternate with other 
•laminae containing more or less clay. Interstratified with this are 
two beds of lignite ; the upper one six feet from the top and from 
six inches to two feet thick; the other 12 feet lower and about eight 
inches thick. Some thin laminae of lignite occur below this bed. 
This portion in all, - - • - - 48 ft. 

A portion not exposed in place where the section was taken, but 
seen in part at another point; consists of laminated sand like tHat 
above. Down to the water's edge. - - - 42 ft. 

Leaves from the Bluff lignite, at least from the portion in 
Tennessee, have not, so far as I know, been examined. The 
series may be synchronous with that at the Chalk Banks^ near 
Columbus, Ky., some of the leaves of which have been described 
by Mr. Lesquereux. (This Journal^ [2], xxvii, 864.) 

7. The Bluff Gravel. — This bed varies in thickness from ten to 
fifty feet It consists generally of coarse yellow and orange sands, 
with everywhere more or less coarse gravel, and has usualljr 
a layer of white or variegated clay at its base. The gravel is 
generally the most conspicuous portion. This is sometimes ce« 
men ted by oxyd of iron (occasionally by calcareous matter) into 
great blocks of coarse conglomerate. It consists of water-worn 
pebbles, from the size of a man's fist down to that of a pigeon's 
egg. The pebbles have been derived mostly from Carboniferous 
chert. 

This bed is remarkable for its extent in a general direction 
parallel with the river. It is seen along the face of the Missis- 
sippi bluff,^* from the Mississippi state line to Kentucky, and both 
ways much beyond these limits. 

'' I have given this general name to the line of bluffs that all along overlook 
either the river or its bottom, mostly the latter. The bluffs are the western escarp- 
ments of the highlands hack of the bottom. This escarpment U cut by the narrow 
valleys of the rivers flowing from the east, bat for general purposes may be regarded 
as continuous. 
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Its eastern outcrop is not well marked. It appears to extend 
from 15 to 20 miles eastward from a straight line drawn through 
the most westerly parts of the bluff. The bed is represented on 
the map and in the section by a dotted or broken line. (7, 7.) It 
will be seen that the narrow river-valleys of West Tennessee 
eut this and the Bluff loam into sections. 

8. IVie Bluff Loam. — This, the topmost of the bluff formations, 
is generally a mass of fine siliceous loam, somewhat calcareous^ 
and usually of a light ashen yellowish or buff color, but some- 
times lacking the yellow tinge. It is indistinctly stratified ; con- 
tains land and fresh-water shells, and frequently oddly shaped 
calcareous concretions. It has in Tennessee a maximum thick- 
ness of about 100 feet, ranging generally, however, from 80 to 
80. In the bluff at Memphis, it is from 40 f o 60 feet thick, and 
presents in its lower part, along a well-marked horizon and in a 
vertical position, eartny ferruginous easts or moulds of what may 
have been the long tapering tap-roots of some tree. 

The loam rests directly upon the Bluff gravely and its ran^ 
and extent are shown upon the map by the spaces included withm 
the broken lines representing the outcrops of the gravel Its 
eastern limit, like the eastern outcrop of the underlying bed, is 
with difficulty defined ; both are alike given approximately. 

The following species of shells have been collected from this 
formation ; 



1. Helh appressa, Memphis. 

2. ff. hirsuta, *' 

3. JS, monodon^ " 

4. ff, solitaria, Dyer county. 

5. ff. profanday Hickman, Ky. 



6. Planorbis biearinatus, M^iaphii 

7. Cyclaa, sp. ? ** 

8. Amnicola lapidaria^ ** 

9. Lymnea^ sp. ? ** 
10. Suixinea, sp. ? ** 



Dr. Wyman has published a " Notice of Fossil Bones from the 
neighborhood of Memphis^" which he states are representatives 
of the genera Mastodon^ Megahnyx^ Castor^ and Castoroides^ and 
.that they are '*from, as is supposed, the diluvium of the Missis- 
sippi." *• The geological position as given here is very indefinite. 
I think it, however, more than probable that the bones come 
from the Bluff loam. It is the principal formation in the vicinity 
of Memphis. The Bluff gra.vel, which here, by the way, con- 
tains much sand, is found mostly in the beds of the streams be- 
low high-water mark. 

9. Tlie Bottom Alluvium, — This consists of the usual beds of 
sand, clay, gravel and vegetable matter of the Mississippi bot- 
tom. I do not propose to dwell upon it here. As a whole, ito 
extent in Tennessee can be seen upon the map. (9,9^) 

" This jJouroal, [2], x, 66. 
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Abt. XXXrV. — On the Influence of Ozone and some other Chem" 
teal Agents on Oermination and Vegetation ; by M. Carey Lea, 
Philadelphia. 

At no time has the subject of the influences of chemical agents 
on plants received so much intelligent attention as at present, 
and the labors of Boussingault, Knop, Stohmann, Ville, Sachs, 
and many others, are daily adding to our stock of knowledge 
and developing new and interesting facts. The studies of these 
chemists have, nowever, been directed almost entirely to the effects 
of the absence or presence in greater or less proportion in the soil 
of those bases and acids which are there commonly found. With 
respect to other agencies, little has been done since the valuable 
investigations of Turner and Christison, made more than thirty 
years ago, in which they examined the effects of chlorhydric 
and nitrous acid gases, chlorine, sulphuretted hydrogen, cyano- 
gen and g^ome other gases. Gdppert about the same time pub- 
lished some investigations upon the influence of cyanhydric acid. 
The effect of all these substances was very much what might 
have been anticipated from their tendency to attack organic 
tissues. 

The examinations which I propose here to describe have been 
made in a somewhat different direction. The most curious result 
obtained appears to me to be that relating to the effect of a highly 
ozonized atmosphere upon the roots of plants. I have also found 
that organic substances not in the least corrosive, and even en- 
tirely neutral, may exercise a powerfully poisonous influence 
upon vegetation, when disseminated in the atmosphere sur- 
rounding it. 

(1.) Influence of Ozhne, 

The ozone used in the following experiments was generated 
by the action of sulphuric acid upon chameleon mineral. Two 
or three grains of chameleon mineral were placed in a small 
capsule and moistened with pil of vitriol. This, when placed by 
itself, or with a vessel of water under a bell-glass oi about 3 
litres capacity, was found to maintain a highly ozonized atmos- 
phere for five or six days or even longer. But as the presence 
of vegetation would tend to destroy the ozone rapidly, it was 
considered expedient to renew the generating mixture every two 
or three days. In all cases the capsule was placed aside for half 
an hour or more to allow the red vapors to he thoroughly dissi- 
pated before introducing it beneath the bell glass. 

Two sets of experiments were made: in the first, the water 
with which the seeds came in contact was made to contain those 
solid substances which are most essential to vegetation. In the 
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second, very pure river water was used. For the first, phosphate 
of soda, silicate of potash, sulphate of magnesia, nitrate of lime 
and sesquichlorid of iron were added to water in a proportion 
such as to be equivalent to three-tenths of one per cent of solid 
matter. In order to aflTord a just term of comparison, two ves- 
sels every way similar were filled with this prepared water, were 
covered with gauze so that the gauze should rest on the surface 
of the water, and were placed under bell-glasses resting on glass 
plates. Wheat and maize grains were placed on the gauze, and 
beneath one bell-glass was introduced the ozone-generating mix- 
ture. 

. 2d day. — Germination appeared to be more advanced in the 
vessel containing the ozone. . Seeds, however, of like origin, and 
exposed to the same influences, germinate so irregularly that 
much importance is not to be ascribed to this. 

8d day. — The seeds in ordinary air had overtaken the others. 
They were already covered witn mould, of which no sign ap- 
peared on those exposed to ozone. 

4th day. — Mouldiness much inqreased in the one, still none in 
the other. The rootlets of the plants exposed to ozone begin to 
exhibit remarkable effects, extending themselves upward in- 
stead of downward, and becoming pinKish at the extremities. 

5th day. — Ozone plants much behind. 

8th day. — The disposition of the roots of the plants exposed 
to ozone to grow upward still continues. Of the wheat plants, 
fully one-half the rootlets have shot directly into the air. The 
only maize plant which has as yet germinated has sent up a 
healthy plumula over one inch in length ; its three rootlets are 
all directed upward and away from the water. Nothing in the 
least similar has taken place in any of the seeds not exposed to 
the influence of ozone. ? 

12th day. — The experiment was terminated. The average 
height of the wheat plants not exposed to the ozone was 10 inches; 
of those exposed, 4 inches. The effect of the ozone in checking 
the growth of the roots was very remarkable, especially with 
the wheat plants. In those not exposed to ozone, the roots at- 
tained a length equal to about one-fourth the height of the stem. 
In those exposed to it, the roots after starting almost immedi- 
ately ceased to grow ; the strongest plant attained a height of 
six inches, and developed six rootlets, averaging only three-six- 
teenths of an inch in length, while those not exposed to ozone 
had many roots exceeding two and a-half inches. As a whole, 
the roots produced by the plants under the influence of ozone 
did not exceed one-tenth of those produced in its absence from 
an equal number of healthy seeds. One curious result of the 
almost total absence of roots was that the wheat plants were 
ficarcely able to sustain themselves in a vertical position : the 
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greater part of them fell over on one side. The flatness of the 
grains of maize afforded their plants a better support 

The influence of ozone over the production of mould was 
very striking. When seeds were placed in contact with water 
and with the air under a bell-glass in which a vessel of water 
stands, which air is of course saturated with moisture, mould 
began immediately to form, and increased until the surface of 
the gauze which rested on the water was completely covered. 
Nothing of the sort was visible in the bell-glass containing an 
ozonized atmosphere. 

In order the better to observe the influence of ozone upon 
the mould, the vessel which contained it was transferred to the 
bell-glass of which the atmosphere' was ozonized. In the course 
of a few hours, the greater part of the mould fell back upon the 
gauze as a yellowish powder, while two healthy young maize 
plants appeared unaffected, and continued their development 
W ith a longer exposure, they would of course also have suffered, 
but their stronger vitality enabled them to resist longer. It was 
also remarked that the extremities of the leaves of some wheat 
plants, growing in the same vessel, became yellow. But those 
wheat plants which had germinated in the ozone atmosphere, al- 
though much smaller, were perfectly healthy, and the leaves 
showed no disposition to die at the ends. 

Pasteur has lately shown that the putrefaction and oxydation 
of organic bodies is effected to a very large extent by the inter- 
vention of the lowest order of vegetable organisms. That in 
some cases where the germs of these bodies have been carefully 
excluded, milk for example has been kept in the presence of at- 
mospheric air for a year without alteration ; and tnat when saw- 
dust was enclosed in a flask for a month, the germs having been 
similarly excluded, the air still contained 16 per cent of uncom- 
bined oxygen.* It therefore appears that ozone, while a highly • 
oxydizing agent, may in some cases check putrefaction and oxyd- 
ation by destroying the intermediate agencies, through which 
these operations are effected ; a fact not without interest in con- • 
nection with the alleged influence of ozone on epidemics. 

The experiments just described were carefully repeated with 
the substitution of very pure river water, instead of that contain- 
ing the salts already mentioned. The results obtained were pre- 
cisely the same. These trials afforded a double set of parallel 
experiments, similar sets of seeds having been exposed to the 
action of saline solutions, and to that of river water nearly pure, 
in both cases with and without the influence of ozone. Clearly, 
therefore, to nothing but ozone could be ascribed the inverted 
tendency of the roots, as this always followed its presence, and 
never appeared in its absence. 

* See Rip, di Ohinde Pure, Sep. 1868, p. 479. 
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(2.) Carbonic Acid. 

Experiments were made to ascertain the effect of a complete 
removal of carbonic acid from the atmosphere surrounding 
plants. The seeds were placed on gauze strained over a vessel 
of water, which was set m a dish containing concentrated solu- 
tion of caustic soda, and the whole was covered with a bell-glass. 
A similar arrangement was made, exclusive of the caustic alkali, 
to afford a term of comparison. 

No appreciable difference could be observed. It is probable 
that seedlings, within the height which they can attain under an 
ordinary bell-glass, still derive a suflScient supply of carbon from 
the seed. Be this as it may, the removal of carbonic acid from 
the atmosphere surrounding them did not interfere with their 
growth. 

Experiments made with seeds placed in an atmosphere of car- 
bonic acid accorded with results obtained by other observers, as 
to total prevention of germination under circumstances other- 
wise favorable. The seeds, however, were found to be not in 
any way injured, and germinated freely on exposure to the at- 
mosphere. 

It seems probable that in those cases in which germination 
has been observed to take place in an atmosphere of carbonic 
acid gas,' the exclusion of atmospheric air has not been suffi- 
ciently well maintained. 

(3.) Simple and Compound Elhers, 

Seeds were placed on gauze under a bell-glass, as before, and 
an open narrow-mouthed vial containing a little ether was intro- 
duced. Germination was entirely prevented. 

Nitrate of methyl produced a similar effect. 

(4.) Organic Acids in Solution, 

Two organic acids were selected for experiment : oxalic acid 
as being reducing, non-nitrogenous and sharp; picric acid as 
oxydating, nitrogenous and bitter. Both were dissolved in water 
in the proportion of three-tenths of one per cent. Germination 
was found to be entirely prevented, by the presence of even so 
small a quantity of these substances. To ascertain if this effect 
resulted from the acid reaction of the solutions, other solutions 
were made of oxalate and picrate of ammonia, so proportioned 
that each solution should contain precisely the same proportion 
of acid as before, viz. : three-tenths of one per cent. In the 
neutral solution of oxalate, a slow germination followed ; in that 
of picrate, none whatever. 

' Lindley, Int. to Botany t p. 859. 
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Art. XXXV.' — Remarks on the Distillation of Substances of 
different Volatilities ; by M. Carey Lba- 

Some experiments which have been recently published by 
tf. Berthelot recall to me a similar and remarkable case whicn 
attracted my attention several years ago. 

M. Berthelot distilled 92 parts of alcohol and 8 of water, and 
found that the distillate at tne beginning, middle, and end of the 
3peration contained equal quantities of water and of alcohoL 

He distilled also a mixture containing a large quantity of sul- 
phid of carbon and a small quantity of alcohol, and found that 
the least volatile body, the alcohol, passed over with the first 
portions of the distillate, so that toward the end of the opera- 
tion, the retort contained sulphid of carbon almost pure. 

To these facts, which tend to cast the greatest doubt on all 
the results obtained by the laborious process of fractional distil- 
lation, I now add the following. 

When a mixture containing the chlorids of ethylamin, diethyl- 
amin, and triethylamin is distilled with caustic alkali, we should, 
according to received ideas, expect to find the ethylamin, which 
is a gas at ordinary temperatures, distil over first. Triethylamin, 
which is at ordinary temperatures and pressures a liquid, sepa- 
rates as such when a strong solution of its chlorid is treated 
with caustic alkali, and floating on the surface, as I have before 
pointed out, we would naturally expect to find it principally in 
the later stages of the distillation. The contrary is however the 
case, when the less substituted ammonias predominate in quan- 
tity. Almost the whole of the triethylamin passes over in the 
first portions of the distillate, and subsequent ones, though rich 
in etnylamin and diethylamin, scarcely contain a trace of .tri- 
ethylamin. 



Art. XXXVI. — 7%e original accounts of the displays in former 
times of the November t^r-Shoiver ; together with a determination 
of the length of its cycle, its annual period, and the probable orbit 
of the group of bodies around the sun ; by H. A. ITewTON. 

In the following pages I propose to give, so &r as I can, the 
original accounts of those displays of shooting stars which may 
be considered the predecessors of the great exhibition on the 
morning of Nov. IStb, 1833. These accounts afibrd data for 
the determination of the length of the annual period, and the 
thirty-three year cycle. They furnish additional arguments (if 
such arguments are needed) for'the theory that the shooting stars 

Am. Joue. Scl— Sbcoito SBRnSf Vol. XXXVU, No. 111.— Mat, 1804. 
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are small bodies moving originally each in its own orbit, until 
they come into the earth's atmosphere, where they burn for an 
instant and are dissipated into smoke or dust. They show that 
the time during which the swarm of bodies furnishing the No- 
vember meteors revolves about the sun must be limited to one 
of five accurately determined periods, one of which is more 
probable than the others. They will serve to direct future ob- 
servation, and perhaps verify or correct such hypotheses as have 
been, or may be presented. 

Several catalogues of ancient star-showers have been pul)- 
lished.* Nearly all the accounts given below are cited in full 
or in part in these catalogues. I have copied so far as I could 
from the original writers. A few citations not heretofore given 
are added. Translations are given of many of the passages, for 
some of which, and for other valuable aid, I am indebted to the 
kindness of friends. 

I. A. D. 902. 

Near the middle of October, A. D. 902, occurred one of the 
most remarkable star-showers on record. The following ac- 
counts, although the recorded dates differ, refer evidently to the 
same phenomenon. 

1. ** En la luna Dylcada de este mismo afio mnri6 el re^ Ibtahlm ben Ahmed, J 
aquella noche se yieron como lanzadas inflnltas estrellas que se esparcieron como 
lluvia k derecha ^ izqoierda, y se llamo este afio el de las Estrellas." Conde, BUio- 
riadeld Dominadon de los Ardbes en Etpana, 8^, Paris, 1840, p. 198. 7^i» Jcwmsi^ 
xl,363. First qi(X)tedlyV(m Hammer, 

In the month Dhu-l-1^a'dah of this same year (289 A. H.) died king IbrAhimbin 
Ahmad, and that night there were seen, as it were lances, an infinite number of stars, 
which scattered themselves like rain to right and left, and that year was called the 
year of the stars. 

3. " Anno Dominicae Incamationis 903 urbs Tauromenis a Sarracenis capta est 
]^odem anno in iiocte tisi suht ignicuU in modum stellarum ^er aera discurrentes: 
qua nocte Rex AMcae residens super Cosentiam Calabriae civitatem, Dei Judielo, 
mortuus est." Cfhronicon HomttaldillyArehiepisc. Salemitani: Murat<n% JSer. ItoL 
Scr., vii, 160. {This JoutncU^ xl, 354.) First quoted by Mr. Berrick. 

8. " Hoc tempore noctis medio visi sunt igniculi in modum stellarum hue Jllncque 
per aera discurrere. Tunc Civitas Rhegium a Alio Regis Asor capta est. Urbs Tin- 
rimenis capta est a Saracenis. Rex vero Africes super Cosentiam residens, nocte 
quadam Dei judicio mortuus est." Chronicon Vultumense: Muratori^ Her. ItaL Scr.^ 
i, pars 3, p. 415. 

In the preceding paragraph the date, A. D. 901 is given. 

4. " His itaque patratis, vix dum sex dies effluxerantj cum visu formidabile, dlctu- 
que mirabUe prodigium, jngentem omnibus timorem incussit. Astra namque toto 
passim coelo confixa per noctem volare, militumque instar confligentium^lteno 
visa concurrere illapsu." Martvrium JSaticti Procopii; scriptore Joanne Diacono 
Neap. : Muratori^ Iter. Ital. Scr.^ i, pars 3, p. 371. 

^ Mr. Qaetelet has published three catalogues, two in the Mhnoirea de TAeai. 
Roy. de Bruxellee, and a third in his Physique du Globe. Mr. Herrick publisbed 
one in this Joumaly xl, 349. Mr. Chasles communicated one to the Academy of 
Sciences at Paris, published in the Comptes Jtendus, zii, 499. Mr. A. Perrey added 
many citations from the chroniclers, Compt. Rend., xiv, 19. Mr. E. Biot presented 
to the same Academy a Catalogue GSneral des Etoiles Filanles et d^autret Metiont 
observes en Chine, which was published in the tenth volume of the Memoirs of the 
Academy. There i.«» a large catalogue in Arago*s Astronomie Populaire, iv, 292-846. 
It is entirely a compilation from the others. 
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In the preceding paragraph are related the razing of Castellum 
Lucullanum from fear of the Saracens, the removal of the citi- 
zens to Naples, and the translation of the body of St. Severinus 
to the monastery that bore his name. The razing of the town 
occupied five days, and was finished on the 4th day before the 
Ides of October, that is, Tuesday, Oct. 12th. In a note Cajeta* 
nus says,: 

'* Joannes Diaconas cum Translationem corporis Sanctl Severini e Castello Lucul- 
lano Neapolim enarrasset, itum dixerat a Pontifice, et Clero ad illnd inquirendum 4. 
Idus Octobris ; ut in ejus Basilicam deventum est, post Missarum solemnia, detur- 
bato altari, effossaque humo, inte^nm adbuc corpus est inycntum ; jcumque per 
noctem in psalmis^ et canticis vigilatum esset, postcro die, celebri cum pompa, in 
nrbem Neapolim deportatum est, &eta i^itur haec translatio 8. Idus, an pridie Idus 
Octobris f tex fere post dies a Translatione corporis Sancti Severini^ idest sub IS. 
KaL Novembris, portenta, quae hie narrantur, evenere, multasque post preces et 
fluppIication«s, extinctum esse reg(»n nuntiatum est, igitur, ut ex hac narratione 
erui potest, extremo Octobii sane ille estinctus, sammum ineunte Novembri ; cer-> 
turn eodcQi ^a^no 903. qoiO Tauromenium «xpugnaverat, et S^ctnm Procopium 
Episcopum interfecerat." 

In other places he contends that the year of the capture of 
Taormina and the invasion of Calabria was A.D. 903. He re- 
fers to his notes on the life of St. Elias Ennensis in the Vitae 
SS. Sieubrum for the proof. I have not access to this work, but 
am convinced that the year is A.D. 902. The minuteness and 
consecution of the Arab chronicles of these political events make 
it impossible to suppose the year in error. 

5. ** Anno igitur ab incamatione Domini nongentissimo sjecundo indie 5. 3. Idus 
Octobris regnantibus Leone et Alexandro augustis residenteque quarto Benedicto 
Romano pontifice, Parthenopense duce Gregorio et Stephano tercio episcopo, fac- 
tum est per totum mundum terribile miraculum in £elo, a primo gallicantu usque 
ad sojlis ortujm, vise sunt quasi stelle densissime in modum aste longissime per aera 
discwrrere, contra omnes pene cardines celi, ita ut omniuBi aspicientium hominum 
meOites terrerent, eo quod nullius meminit etas ne^ xdla prodit historia huiusmodi 
xnirabile portentum. Hac etenim tempestate rex Africe cum innumerabili exereitii 
advenlens, totam Italiam invadere cupiebat, qui eum pervenisset in Siciliam Tauri- 
minensem civitatem optime munitam et in mojntis vertice positam statim appre- 
liendit, ibique multos christianos, cum ad nequiciam sue fidei eos flectere nequisset, 
cum Procobio episcopo einsque clero in mna aeocAesia recludens, crudeliter igne 
eombussit, transiretansque ad Calabriamt Regium oomprehendit. Cum autem eodem 
conamlne obsideret Cosentiam Italiae urbem et appreliendere niteretur, eadem 
noete ^tia ^raedictum signum stellarum visum est, celesti gladio percussus. repen- 
tina noorte interiit. Exercitus vero iUius metu ac pay ore perterritus, adAfrlcam 
redire cupiens, pene omnis naufragio consumptus est, sicque Dei omnipotentis 
misericordia Italia in articulo Martis pofiita ab eius gladio liberata est. Unde qui- 
dam astruere voluerunt, ab illijus worte signum esse factum stellarum. Sed quia 
non solum in Italia sed in toto nwudo visum est, magis credendum est eguangelii 
completam esse eententiamdioends: ^^ Erunt signa in sole et luna et stellis ;'* neque 
enim tale signum pro inimii regis morte in universo orbe Deus ostenderat.'* Chrwi- 
icon SdUnUtanwn : BsrtZjUX, p. 549, n. 

6. ^^"992. Ostensa sunt Jtioc anno portenta; Stella velud pluvie per maximam noctis 
partem cadentcs ; Rhenus et multl Saxonie fluvii, ut testantur nayigantes et molen- 

• dini, naturalem cursum in ipsa nocte, hoc est in 5 Kalend. Octobris, non habue- 
mnt.'' AnncUista Saxo: Ihrtz, vi, 590. 

Thesamfe account in nearly the same words is found in the 
Annales Palidenses: Pertz, xvi, 60. The year 903 is, however, 
given as the date. 

7. The following account refers, if the date is correct, to Nov. 
14th, A. D. 899. But it seems probable that the year should be 
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ehanged from A. H. 2S6 to A. H. 289. Tbe extract was first 
quotra by Mr. Frahn, BuM^ Set. de VAcad. de St. Pttenbourg^ vol. 

lii, p. 310, from Hist Sarac ^ Georg. ElmaciDO . . , op, . . . 

Th. Erpenii, p. 181. 



^AiJ siMipS p^. »AS>j MIA ^ exX:> i:;OL)U5 ^USj ^^^ X^ ^3 
If^ 15^ JJIx;w>' vH^t vA^K!^ IvXjJlA Lt^t w^t L(J ^Uj ^t 

«s33 j^'ji i^UJ! ^^J^. o' ^^ ^^'^ o^. t^3 ky^ ^'^ 

In the year 286 there happened hi E^pt an earthquake, on the Fourth Day [of 
^e week], on the 7th of Dha-1-Ka*dah, lasting from the middla of the night nntU 
morning; and 00-called flaming' stars struck one €^j;ainst another Tiolent^, while 
being borne eastward and westward, northward ana southward; and no one conU 
'bear to look toward the heavens, on account of this phenomenon.* 

It is very desirable to determine the day on which this re- 
markable shower occurred. The historical evidence, however, 
is a oite conflicting. The years A. D. 901 and 90S are mentioned, 
Ana the latter contended for, but both are manifest erron. 
The extract ^ted above from the Chronicon Salemtianum gives 
tfaa date of the shower as Wednesday, Oct. 18th, A. D. 902. 
That from the Annalista Saxo says it occurred on the 27th of 
September. The account by Joannes Diaconus is probably from 
an eye-witneeSf and implies that the shower was during the 
week following Oct. 12th* Several of the aceounts connect 
it with the death of the cruel Aghlabite king, Ibr£htm Bin 
Ahmad, whom the Christians, and his own subjects also, had 
such good reason to fear. Absolute identity of the date of the 
shower with the king's death cannot be affirmed. The terrified 
and superstitious monks would naturally connect the two events, 
even if they were several days apart, especially if they heard 
of the king's death some days after it happened. 

Among the Arab annalists^ moreover, there is no agreement 
fis to the day of his deaths Abu-1-fidst states that he died of 
dysentery on the night before Saturday the 19th day of the 
11th month, A, H., 289 {Annales MxisUmici ... J. J. Reiskii, &c 
4°. Hafniae, ii. 289). But the 19th of Dhu-1-Ka'dah was Mon- 
day instead of Saturday. Jannabt, according to Mr. Frahn, 

^ The followiog may refer to i&e same event. The August shower was then in 
JFuly. "908. Hoe auao mense Augusto stellae de eoelo per noctem visae sunt de- 
^idisae/ Anmale* 8, Quintini VeromtrndensU : P^te, x<4, jSOT. 

The ictufvlgurU of the following statement was doubtless suggested by tte 
shower. ** Anno 901 deaeeadit Abraham rex Sai*racenorum in Calabriam, et wk 
Cosentlam ci vita tern et pereusaiuis isst ieiu fulguris.** Lu^ Prototpatae Chr<mietm: 
Muratorif Rer. Ital. Scr^ v, S8^ 

It is also not improbable that the extract /rem * Abd-al-Latif, quoted by Mr. Fiiba 
(also this Journal, xl, 854), refers to tiie same shower. ** I remember that hi the 
^ear 290 [of the Hijrah, beginning Dec. 4, A.D. 902] burning meteors were 
m Egypt, which scattered themselves through the air and filled the whole 
They caused great terror and increased continually." 
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agrees with Abu-l-RdS, while Ibn-al-Khatib says the death was 
on the 18th. Nuwairi says it was the night before Saturday the 
28th of Dhu-1 Ka'dah, A.H. 289 {Ms. 702 A.fol 58 vers, and 54 
recL of the Biblioth^ue Imperiale at Paris, cited by Noel des 
Vergers, Histoire de VAfrique^ &c., p. 144). Again, Mr. S^dillot 
gives for the date the 12th of Dhu-1-Ka'dah, or the 18th (Cbmp- 
tes Bendus^ xxix, 746). Ibn-al-Athlr says he died on the 19th 
(extr. fr. the Kdmil-at-Tawdrikh of Ibn-al-Athlr, as edited in 
part by Amari in his Bihlioteca Arabo-Sicula, p. 242). The 19th 
of Dhu-1-Ka'dah was the 25th of October, while the 28th was 
the 3d of November. 

Amid this confusion of dates it would not be easy from his- 
torical evidence alone to detect the true day of the shower. But 
when we know that the subsequent displays point back to the 
morning of Wednesday, the 18th of October, we feel justified 
in calling that the date. It is expressly given in the Chronicon 
Salemitanum. The six days mentioned by Joannes Diaconus may 
perhaps be counted from the beginning of the razing of Castel- 
lum LucuUanum and not from its close. If the extract from 
Elmacinus refers, as I suspect it does, to A.H. 289, it implies also 
that the shower was on the same Wednesday morning. 

II. A.D. 931. 

** 981. M4me p^riod« {Tchang-ching\ 2e ann^e, 9« Inne, lour jring-tu (15 Octobre)^ 

, Apr^ le cinquleme coup de tambour, jusqu^au Jour, on vit, au milieu et 

dans les quatre parties du del, plus de cent petites ^toiles filantes allant en sens 
diyers." £. Blot, Catalogue OindrcU., etc., p. 3d. This catalo^e is from the tenth 
volume of the Mem, Boy. Acad. Sci. de Boris. 

A. D. 931. Same period, second year, ninth month, the 23d day of the cycle (Oct. 
15th). After the fifth watch until daylight, were seen, above, and in the four quarters 
of Uie sky, more than a hundred shooting stars moving in different directions. 

In Biot's memoir successive events throughout a night are al- 
wavs related without a break at midnight. Inasmuch as the 
Chinese do not count the day from sunset to sunset, it is proper 
to infer that events happening in a morning are reported as 
happening on the preceding day. This may not, however, al- 
ways be the case. The time referred to in this extract is, I sup- 
pose, the morning of Oct. 16th. 

III. A.D. 934. 

1. " 984. P^riode Thsina-that^ Ire ann^e, 9e lune, jour sin-tclieou (14 Octobre) .... 
Le receuil Sin-oU'Un-sw cut simplement d cette mSme date: *I1 y eut beaucoup 
d*^toiles filantes ensemble.'" £. Biot, Catal. etc.y p. 84. 

A. D. 934. Period Th*ing4?ia%, first year, ninth month, 88th day of the cyde (Oct. 
14). The collection Sinrcu-tatsae simply says at this date *^ there were many shoot- 
ing stars all at once." 

2l "984. Indictione 4. Defunctus est Joannes Abbas II. Eal. Aprilis, fer. 2. Et 
in ipso Anno apparuerunt si^a in coelo de atellis quae videbantur hominibus aliae 
cadere, aliae fmgere sicut faculae XIY die intrante mense Octobri Luna 2." Notei 
ct the end qf C^ironieon Cavenee: Muratori^ Her. ItaL Scrip. ^ Til, 961. Also in Annaln 
CMnatet: Rrtz^ ill, 172. Quoted by Mr. Herrick. The year of the indiction is in 
error, as the day before the E[alends of April was not Monday, in the year 981. 
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8. **934. Igneac Remis in Coelo acies Tisae sunt discurrere, et quasi serpens ig- 
neus, et quaedam iacula ferri pridie Idus Octobris mane ante lucis exortum. Mox 
snbsecuta est pestis diversis afficiens humana corpora morbis." Chronicon JPhrodo- 
ardi : Dom, Bouquet, SeeueU det EM, des GatUes, dkc.^ viii, 189. Also in Bniz, ill, 382, 
and in Dom. Bouquet, viii, 166. Quoted by Mr. Chasles. 

Nearly the same account is given in Hugoni» Chronicon: JPBrtz,yVdy 359; in JSt^teri 
JERst, : I^rtz, iii, 586 ; and in tlie Chronicon Virdunenae: Bom. Bouquet^ viii, 290. 

4. By a change of the year, the following quotation (first cited 
by Mr. Frahn) from Eutychii .... Annal, ii, 529, would refer to 
the same display. 

(OuJsJi I^Ua^l u^^^t u^t^t 

And there was an earthquake, in Egypt, on the third day of Dhu-1-KaMah of 
this year [A.H. 223] ; and fUuning stars struck against one another violently. 

The 8d day of Dhu-1-Ka'dah of 823, A. H., is the 4th of Oc- 
tober, A. D. 935. But the same day of the year 822 is the 15th 
of October, A. D. 934. 

The European chroniclers seem to imply that the shower was 
on the morning of the 14th of October. The Chinese and Arab 
accounts, on the contrary, point to the morning of the 15th. It 
is to be noticed that the Chinese observer does not speak of a 
very large number of shooting stars. The Arab account is quite 
indefinite, the shooting stars being mentioned only in connection 
with the earthquake. Moreover, all Arab dates which are not 
accompanied with the day of the week are liable to an error of 
one, two, or three days. I shall use the date Oct 14th. 

lY. A. D. 1002. 

** 1003. P^riode Khienrping, 5e ann^e, . . . . 9e lune, .... le jour wyusu (14 Octo- 
bre), il parut encore des milliers de petites ^toiles qui entrdrent dans le groupe 
Kottei (f, 7, 5, Cancer) et aUdrent jusqu'au ^roupe Tchoung-tdi (X, m ^rande Ourse). 
£n g^ni^ral, on voyait unc grande etoile suivie d'une dizaine de petites etoiles. Parmi 
elles, on aperjut deux etoiles grosses comme un dlxieme de boisseau : ceUes-ci al- 
Idrent. Tune jusqu*^ I'^toile Lang (Sirius), Pautre jusqu'au Teou du mldi (^, c, t, Sag^- 
ittaire) et elles dispanirent." E. Blot, Catalogiiey &c., p. 42. 

A.D. 1003. Period Khien-pin^y fifth year, ninth month, 35th day of the cycle (Oct. 
14th), there were seen moreover thousands of small stars, which appeared in the 
£roup 6, 7, 5, Cancri, and went as far as the croup x, pi, Ursae Majoris. Generally a 
large star was seen followed by a half score or small stars. Among them were seen 
two stars as large as a quart measure ; these went, one to the star Sirius, the other 
to the group ^, o-, t, Sagittarii, and vanished. 

The date in this case I take to be the morning of the 15th of 
October, for the reason before given. Probably the radiant at 
this time was in Cancer, rather than in Leo. 

Y. A. D. 1101. 

" 1101. 17 Octobre. Visae sunt stellae de coelo cadere." Chron, & MaxeHtH: 
LabbCy ii, 217, as quoted by A. Perrey, Comptea BenduSy xiv, 72. 

YI. A. D. 1202. 

The following accounts of a shower in this year are cited by 
Mr. Frahn from the Arab writers {Bull, de TAcad, de St, PeLj 
iii, 314), 
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1. From SuyAtf s Husn (cod. 525 Acad. Sc, fol. 342) : 

>-U j»^I gL« c>-mmJ' aLJ (^ luL^NM.*^'^ q a*.mo^ j^j xLw ^^ 

O^ju ^^ J^lc^L ^^Lu JJi ^^t ]yf^.^ UiUt gsxi^l^ ^^t ^\ v^3 

^^U^ ^^jAJU^^ ^j:w>^! 50^ ,^3 vi^JuJt j»(c "ifl v^i JJ:^ 

And in the year 599, on the night of Saturday, on the last day of Mnharram, 
stars shot hither and thither in the heavens, eastward and westward, and flew 
aeainst one another, lilie a scattering swarm of locusts, to the right and left ; this 
phenomenon lasted until day-brea]£ ; people were thrown into consternation, and 
cried to God the Most High with conttised clamor ; the like of it never happened 
except in the year of the mission of the Prophet, and in the year 241. 

2. From Dhahabl's Duwal ahlsldm (cod. No. 524 Acad. Sc*) : 

C>\^^^ >/o^:?UJ! vi^^U l^^\ ^ xjUvm^3 ^^js^*^3 ^^ »^-^ ^^ 

And in the year 599, at the beginning of the year, stars shot hither and thither 
at BaghdM, and flew one against another, like a swarm of locusts ; this phenome- 
non lasted until day-break ; and people cried out in supplication to God the Most 
High. 

3. From AbuJ-'Abbfis ad-Dimashkf s Akhbdr ad-Duwal (cod. 
529 Acad. Sc., p. 68) : 

^, jj^ JUi ^\ J\ vjai gxjii^ ^\ J\ ^i j-b^ 0\^\ y.Lbi- 

Am^ 2(JL^ ^li!t ^JUd adtt iy^j jlH^ *-^^ ^' ^^ 

And in the year 599, on the last day of Muharram, stars shot hither and thither, and 
flew one against another, like a swarm of 'locusts; this phenomenon lasted untU 
day-break ; people were thrown into consternation, and made importunate suppli- 
cations to God the Most High ; there was never the like seen except on the coming 
out of the Messenger of God — on whom be benediction and peace ! 

4. From Haji Khalfah's TakuAm at-Tawdrikfi: 

f.j^ gl^ ^)i v^ ^^ ^Uw! ^o p^* -^- 6l1 XJUi 

In the year 599 there was a shooting hither and thither of stars in the heavens, 
during the whole night of the last day of Muharram. 

The last day of Muharram, A. H. 599 was Saturday, Oct. 19th, 
A. D. 1202. As the days are counted from sunset to sunset, the 
night before Saturday is here spoken of. 

YII. A. D. 1366. 

1. *^ Vindo o anno de 1366, sendo andados xxii dias do mes de Octubro, tres meses 
antes do fallecimento del Rei D. Pedro (de Portugal), se fet no ceo hum movimento 
de eetrellas, qual os homfies nfto virfto nem ouvirfto. E foi que desda mea noite por 
diante correrfto todalas strellas do Levante para o Ponente, e acabado de serem Jun- 
tas come^ar&o a correr humas para huma parte e outras para outra. E despots de- 
scerfto do ceo tantas e tam spessas, que tanto que forfto baxas no ar, pareciAo g^ndes 
fogueiras, e que o ceo e o ar ardifto, e que a mesma terra qneria arder. Oeco pare- 
cia partido em muitas partes, alii onde strellas n&o stavfto. E isto durou per muito 
spaco. Os que isto viflo, houverfto tam grande medo e pavor, que stavflo como at- 
tonitos, e cuidav&o todos de ser mortos, e que era vinda a flm do mundo.'* Duarte 
Nunez do Lifio ; Chronica dm Beia de Portugal r^wmadM^ Parte 1. Lisb. 1600, fol., 
187 ; quoted by Humboldt, Komo^ Stuttgart and Tubingen, 1850, iii, 621. 
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In the year 1366, and xxii days of the month of October being past, tliree monllu 
before the death of the Khig Don Pedro (of Portngal), there was in the heayeni a 
movement of stars, such as men never before saw or heard ot From midniglit oir 
ward, all the stars moved from the east to the west ; and after behiff together, th^ 
began to move, some in one direction, and others in another. Ana afterward thev 
fellfirom the sky in such numbers, and so thickly together, that as they descendea 
low in the air, they seemed large and flenr, and the skv and the idr seemed to be in 
flames, and even the earth apx>eared as if ready to take fire. That portion of the 
sky where there were no stars seemed to be divided into many parts, and this lasted 
for a long time. Those who saw it were filled with such great fear and dismay, that 
they were astounded, imagining they were all dead men, and that the end of the 
world had come. 

2. ** Eodem anno (i. e. 1366) die sequentl post festum zi millla virginnm, ab hon 
matutina usque ad horam primam visae sunt quasi stellae de coelo cadere contlniia 
et in tanta multitudine, ouod nemo narrare sufficit." Chronicon JSetietiae IVv^vfuif, 
cited by Boguslauski in B)gg. Ann,^ xlviii, 612. 

8. ** 1366. Scintillatio stellarum, et hoc &ctum est in nocte imdecim TOfflnni yi^ 
ginum." AnfuUet VeteroceUencea : ihiZy xvij 45, 

The feast of the eleven thousand virgins is the 21st of Octo- 
ber. The first account implies that the shower was on the mom* 
ing of the 23d of October. The second account is not incon- 
sistent with that time, although the most natural inference from 
the passage is that it was on Qie morning of Oct 22d. 

VIII. A. D. 1533. 

1. " 1583. P^riode Kiortsing, 12e ann^e, 9e lune, jour ving-Ue, (24 Octobre), 

Du quatridme au cinqni^me coup de tambour (de 2 d 4 heures da matin), dans lea 
quatre parties du ciel, 11 y eut une quantity innombrable d'^oiles fllantes, grandd 
et petites, allant ensemble en ligne droite et transversale : cela dura Jasqa'anjoar." 
E. JBiot, Cataloffuey «^p. 208. 

A.D. 1533. Period Kia4sirM^ twelfth year, ninth month, the 13th day of the evde 
(Oct* 24th), from the lourth to the fifth watch (from 2 to 4 a. m .), in the roar 

garts of the heavens, there were innumerable shooting stars, great ana small, mor- 
)g together in straight and oblique lines. This continued uqtil daylight. 

2. ** Casus ateUarum anno 1533. 24. Octob. noctu visa sunt multa millia stenamm 
cadere et quasi inter se dimicare, ut quasi incensum videretur coelum ; sunt omoes 
tales ignes delati ab omnibus coeli partibus Hallim versus." From a manuscript in 
the library of Prince Furstensberg, quoted by A. Savarik in Bmo. Annalen der JPmaSL 
1863, No. 8, p. 648. 

The manuscript volume in which this passage is found was 
written at Wittenberg between A. D. 1520 and 1540. Halle is 
S. 43° W. from Wittenberg. I siippose that these accounts 
refer to the morning of the 25th of October. 

IX. A.D. 1602. 

"1603. MSme p^riode ( Wang-li)^ 30e ann^e, 9e lune, Jour nn-«w (27 Octo- 
bre), on vlt plusieurs centaines de petites ^toiles qui se s^paraient et se r^unissal- 
ent." A second account is as follows : 

** Pendant la nuit, d la cinquidme heure, il parut au N. K une ^toile grande comme 
nn oeuf de poule et d'une couleur blanc bleu&tre ; sa queue avait de I'^lat. Da 
N.E. des ^toiles Hia-tdi (v, f, grande Ourse), elle alia jusqu^d ce qu'eUe s'approchftt 
de I'O. Au midi, il parut aussi une ^toile grande comme un rouleau de pierre pour 
^eraser le grain ; elle ^tait de couleur bleu blanchdtre : sa queue rayonnait et sa 
lumidre ^clairdt la terre. Elle parut au S. O. de Tsan (Baudrier et qnadiilatdre 
d'Orion) et s'avanca jusqu'aux etoiles de la Menagerie cdleste (7, d« c, t, Eridui}. 
Apr^s cette apparition, il y eut deux petites Etoiles qui suivirent la grande, et, apres 
encore, il y eut plusieurs centaines d^^tolles fllantes, grandes et iietites, mdl^ et 
confondues, oui suivirent la mSme direction.'' £. Blot, CattUoffttey etCyjp, 210. 

A.D. 1602. Period Wang-li^ thirtieth year, ninth month, 18th day of the cycle (Oct 
27th, O. S.), several hundred small stars were seen, which parted from each other, 
and came together again. 

During the night, at the fifth hour, a star appeared in the N.£. as lai^c as a hen's 
egg, and of a blueish white color. It left a bright train. From NJB. of the stars 
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V «nd ^ XJrsse Mi^oi^* ^t went nearly to due west. In the south appeared another 
star as large as a pestle for pounding ^rain. Its color was whitish blue, its train 
ffleamed, and its light illumined the earth. It appeared S.W of the belt and quadri- 
lateral of Orion, and passed to the group 7, 5, f, t, Eridani. After this were two 
small stars which followed the large one, and still later there were several hundred 
shooting stars, great and small, mixed and confused, which followed in the same di- 
rection. 

X. A. D. 1698. 

Mr. Wartmann, of Geneva, has cited a notice of unusual num* 
bers of meteors seen on the 9th of November, A.D., 1698. 

XI. A. D. 1799. 

The remarkable display on Tuesday morning, Nov. 12th, 
1799, is well known from "Humboldt's description of it as seen 
by him and Bonpland at Cumana, in S. America. This is the 
first shower of the geographical extent of which we can form 
any very clear ideas. 

Humboldt's account is not entirely consistent with itself, and 
is a very inadequate description of what we know the display 
must have been. It seems to have been originally written (at 
least in part) while he had the impression that it was a local 
phenomenon. He says :' 

** From half after two, the most extraordinary luminous meteors were seen to* 

ward the east Thousands of bolides and falling stars succeeded each other 

during four hours. They tilled a space in the sky extending from the true east 30^ 
towara the north and south. In an amplitude of 60° the meteors were seen to rise 
above the horizon at E.N.B. and at E., describe arcs more or less extended, and fall 
toward the south, after having followed the direction of the meridian. Some of 
them attained a height of 40°, and all exceeded 25<' or 30° Mr. Bonpland re- 
lates, that from the beginning of the phenomenon there was not a space in the fir- 
mament equal in extent to three diameters of the moon, that was not filled at every 

instant with bolides and &lling stars The Guaiqueries in the Indian suburb 

came out and asserted that the firework had begun ut one o'clocl^ .... The phe- 
nomenon ceased by degrees after four o^cIock and the bolides and falling stars be- 
came less frequent ; but we still distinguished some toward the northeast a quarter 
of an hour after sunrise.'* 

The sfime phenomena were seen at S. Fernando d'Apura, 800 
miles S. W. of Cumana ; at Marao, more than 200 miles farther 
in the same direction; and also near the Equator, over 700 
miles south of Cumana.* The Count of Marbois, at Cayenne, 
says :* 

** The northern part of the sky was seen all on fire. Innumerable falling stars 
traversed the heavens during an hour and a-half, and diffVised so vivid a light that 
these meteors might be compared to the blazing sheaves shot out from a firework." 

Andrew Ellicott, Esq., recorded in his journal as follows:* 

'^Nov.' 12th, 1799, about three o'clock, ▲. m., I was called up to sec the shooting 
of the stars, (as it is commonly called). The phenomenon was srand and awful ; 
the whole heaven appeared as if illuminated with sky-rockets, which disappeared 
only by the light or the sun after daybreak. The meteors, which at any one instant 
of time appeared as numerous as the stars, flew in all possible directions, except 
from the earth, toward which they all inclined more or less. . . ." 

■ Ptnonal Narrative of TraveU to the Equinoctial Regiont ; trans, by Helen 

Maria Williams, Svo, Lt'mdon, 1822, iii, 881-888. 

* Pert. Narr., pp. 335, 336. • Jbid,, p. 887. 

• Tra1i9. Amei\ Phil. Soc, vi, 28. Also EllicotCt* Journal, 4to, 1814, p. 248. 

▲m. Joub. Scl— Second Series, Vol. XXXVII, No. 111.— Mat, 1864. 
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He was then in N. lat. 25°, near the edge of the Gulf Stream. 
He was afterward informed that the same phenomena were wit- 
nessed over a large portion of the West India Islands, and as 
far north as St. Mary's, in lat. 30° 42', where it appeared as bril- 
liant as with him off Cape Florida. 

The Moravian missionaries in Labrador and Greenland re- 
corded the same shower in their meteorological Journals 

**0n the 13th of Nov<, there was at Nain and Hoffenthal a strange appearance hi 
the air, which ^eatly frightened the Eskimos. For there fell down to earth in the 
four quarters of the heavens, about daybreak, very many fireballs, some of which 
seemed to be half an ell in diameter. This phenomenon was at the same time seen 
at New Hetmhut and Lichtenau in Qreenland. ....'* OHJb. Annalen der I^vtUL 
xU, 217. 

In England, the clouds and rain rendered it in many places 
impossible to see these meteors. Yet in some localities they 
were observed, while in others single meteors and flashes of light 
were so remarkable as to be noticed in several of the newspapers/ 
The first of the following quotations is from the New Castle 
Ohroniclej given in the Monthly Magazine for Dec. 1799, p. 917.* 
The other is from the Oenlleman'a Magazine^ Nov., 1799, p. 987. 
It is evidently from a newspaper. 

** On Tuesday morning, the 12th of November, several meteors, or balls of fire, 
were seen at Greatham, near Hartlepool, and other parts of that neighborhood. 
They were first observed between five and six o'clock in the morning, in an eastern 
direction, and continued falling in succession, and together, till daybreak. The at- 
mosphere was very clear, and the moon, which was at full, shohe with uncommon 
brilliancy. The meteors at first appeared like what are vulgarly called shooting: or 
falling stars, which soon became stationary ; they then, as it were, burst, but with- 
out any perceptible report^ and passed to the northward, leaving behind them bwu* 
tiful trains of fioating fire in various shapes, some pointed, some irradiated, some in 
sparks, and others in a large column. The fire oalls continued falling near two 
hours, and were succeeded till near eight o'clock by slight fiashes of lightning. 
The general appearance was sublimely awful, particularly to the Hartlepool fisher- 
men, then at sea. ..." 

"Hull, Nov. 12. This morning, between 5 and 6, the heavens exhibited an aw- 
fully grand appearance. . . . The middle region of the air was illuminated by meteors 
crossing each other in dlficrent directions, and leaving behind them long sparkling 
trains, which were visible for two or three minutes after these luminous bodies had 
disappeared." 

In Germany, Mr. Zeissing, at Isterstadt, near Weimar, entered 
upon his meteorological journal an account of bright streaks 
and flashes seen that morning in the sky." Bright flashes, and 
extraordinary appearances, were seen at Carlsruhe and at Weis- 
senfels." 

St. Mary's, in Florida, is more than 90° in long, west of Ister- 
stadt, and Lichtenau is more than 60° north of places in South 
America where the shower was seen. It is very evident that 
more shooting stars were to be seen in America than in Europe. 
There is every reason to believe that this shower, which was 

^ See Monthly Magazine, Dec, 1799, pp. 917, 920, 921, 922, and Feb., 1800, p. 24. 

■ Also, Oent. Mag., 1799, p. 1185. 

• Quoted by J. W. Ritter, Oilb. Annalen^ xv, 109. • 

*** Gilh. Annalen^ xiv, 116, and xiii, 255. 



JJ. A. Newton on November Star-Showen, 3S7 

visible in Labrador and in Florida, would have been seen at in- 
termediate places but for the clouds. At Salem and New Ha- 
ven it was cloudy on that morning. 

XII. A. D. 1832. 

On the morning of Nov. 13th, A. D., 1832, unusual numbers 
of shooting stars were seen throughout Europe. Descriptions 
of the display were given at once in many of the newspapers 
and scientific journals. The most important of these were col- 
lected and published by Prof. Ndggerath, of Bonn," and Prof. 
Gautier, of Geneva." The names of the places where the shower 
was said to have been witnessed, together with some expressions 
indicating its intensity, will enable one to form a fair idea of the 
character of the display. The places farthest east are mentioned 
first. 

In the island of Mauritius,*' "the number of the meteors was 
so great that it was impossible to count them." At Orenberg," 
north of the Caspian Sea, "the sky was filled with shooting 
stars." At Mocha," in Arabia, " it appeared like meteors burst- 
ing in every direction." At Sudscha," in Russia, "several hun- 
dred meteors were seen between 5 and 8 o'clock, so that while a 
person turned to look at one, others would appear at the side, 
and behind him," and yet "sometimes minutes passed without 
one being seen." They were seen at Kursk," Ruiljsk," Odessa," 
St. Petersburg," Riga," Warsaw," and Berlin." At Suczawa," 
in the Bukowina, " the shooting stars fell so fast as to be com- 
pared to an actual rain of fire." It was reported as witnessed 
m various plaees in Switzerland; at Frankfort,** Stuttgart,** and 
Carlsruhe/* in South Germany; at Brussels and Liege, in Bel- 
gium; and near the lower Rhine at Treves,** Cleves,** Diiren," 
Aix la Chapelle," Lennep,** Bonn,** and Cologne." At Salz- 
Uffeln, in Westphalia, " th-ere were often three or four at once 
in the sky." At Diisseldorf," Mr. Custodis counted 267 meteors 
between 4 and 7 o'clock. Mr. Le Yerrier saw them" and says, 
"it would have taken several hours to count those visible at one 
instant, supposing them fixjed." (J 1 1) At Grenoble," an ob- 
server estimated that he saw at least 60 in 25 minutes. At Li- 
moges,^* workmen were terribly frightened by the meteors. Near 

'^ 8ehweigger*» Journal fur ChemU und Physik, Izvi, 828-343, and Ixvii, 263. 
^* Bibliotk^que Universelle de Oen^e, 1888, li, 189-207. This article I ha/e 
not seen. 

" Ctmiptes RenduSf v, 121. " Astron, Nachrichien, xiii, 241. 

^ T/iis Journal, xxv'i, 186. 

^* Moskauer Wochenzeitnng ; quoted in Pogg. Annalen^ xxix, 448. 

*^ Poggen, Annalen, xxix, 448, 461. " JSchtoeig, Jour., Ixvi, 348. 

*' Bamngartner^s Zeitschrift, 1888, ii, 11 ; quoted in Pogg. Ann^t xxix, 448. 

^ Sckioeigger's Jour., Ixvi, 828 & *^ Jbid., Ixvii, 188. 

*" Comptea Rendus, ix, 808. " Schweiager'9 Jour., Ixvii, 264. 

** Comptet Renduif y, 562. I take it for g^ranted that the date is in error one day. 
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Beverly," in England, " there was hardly a minute daring the 
night without a shooting star, and often 20 were seen at once." 
At other places in the north of England, " they fell in immense 
numbers. At Malvern," 48 were counted in 5 minutes. At 
York," 25 were counted during the first half hour of the exhibi- 
tion. Prof. Schaeffer," on shipboard off Pernambuco (W. Ion. 
85°), entered upon his diary that numerous meteors were seen oa 
that night. His account, however, implies that the display was 
not remarkable. Capt Briggs," in N. lat. 43° and W. Ion. 40**, 
saw them quite numerously ; but adds, " toward morning only 
a few in an hour were seen." 

The shower was not apparently observed in the United State& 
And yet it was not cloudy, for the day fell in the middle of a 
period of very fair weather. I am indebted to Prof. Whitney 
and Mr. J. S. Fisk for extracts from the meteorological recordi 
preserved at Wasliington and Albany. At 39 of the 41 U. S. 
military posts it was fair weather on the 12th of November, 
and at 30 of them it was fair on the 13th. Seven of the remaia- 
ing eleven were in the two States, Maine and Louisiana. At 
only two of thirty-nine academies in N. Y. State was it cloudy 
on the afternoon of the 12th, and at only four was it cloudy oa 
the forenoon of the 13th. In all these 80 meteorological jour- 
nals not one word is said of unusual numbers of shooting stan 
on that night. When, two years later, the subject of the annual 
return of the meteors was so fully discussed, no one remem- 
bered to have seen, or heard of them, here in 1832. It is in- 
credible that the meteors could have been as numerous in 
America as in Europe, and have thus escaped observation. It 
is fair to conclude that the shower as a very unusual display 
ended soon after daybreak in Western Europe, or soon after two 
o'clock in the Atlantic States. 

XIII. A. D. 1833. 

The much more remarkable shower of Nov. 13th, 1838, has 
been so fully described by Prof. Olmsted," and Prof. Twining," 
that the details need not be repeated. It extended, at least, from 
Cuba to Greenland, and from W. Ion. 61° to W. Ion. 100^ and 
how much farther in each direction is unknown. The mate of 
a vessel then in W. Ion. 61°, N. lat. 36°, reports that the meteors 
were comparatively few. None were observed by the officers of 
two vessels, one in W. Ion. 41°, N. lat. 2°, the other in W. Ion. 
20°, N. lat. 51^°, though both reported clear skies." It is not 

** QuHeUen Corr. Math, et Phy»., ix, 458. 

'* Phil. Mag., [8], iii. 87 ; quoted in Fogg. Annal, zziz, 448. I suppoae theditt 
assigned to be one week in error. 

*' Ytvrk Herald, quoted in thi» Journal, xxvi, 186. 

" ThU Journal, xxxiii, 1 82. *• Ibid,, xxvi. 849. 

*> Thit Jwimal, xxv, 868, and xxvi, 182. ** 76td, xxvi, 820. 
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certain what trust is to be given to this evidence, negative at 
the best. 

Many vessels on the eastern Atlantic had cloudy skies." In 
Europe it seems to have been overcast, though how generally I 
have no means of learning. At London, it was lightly overcast 
on the 18th. At Cambridge, Greenwich, and Konigsberg, no 
astronomical observations appear to have been made from 10 
o'clock, P. M., of the 12th, until the evening of the 13th. At 
Geneva, it was cloudy and snowing both days, while at Great 
St Bernard there were broken clouds." That no place on the 
eastern continent, where there were civilized men, had clear 
skies, seems incredible. In view of the numerous notices of the 
£Bir less brilliant display of the preceding year, it would seem 
also certain that if a shower had been seen, we should have de- 
scriptions of it. Capt. Briggs says that it was clear at Canton^ 
in China, and that there could have been no extraordinary dis- 
play there." 

The display began here about midnight, but, judging from 
the tenor of the conflicting accounts, it appears not to have been 
very extraordinary until between 2 ana 3 o'clock. New Haven 
time. This was after sunrise in Europe. I presume that a 
moderate display would have been visible there late in the morn* 
iDg, if the skies had been clear." 

*» iWd, XXV, 899. " Bihliothkq'ue Uhiv, de Oenhe for 1888. 

•• This Journal, xxvi, 849. 

** If we knew the true dates, perhaps these showers might be added to the list. 

A. D. 1 199. '* At the beginning of the year [A. H* 599, which began Oct. 22d1, 

the. i>tar8 were seen coursing tlirough the heavens " Abd-allat&, Relation ae 

VJSgypU, See thit Journal, xl, 866. 

" Anno Domini MCOCIC. Eclipsis solis facta est secundo Galend. Octobris. 
Stollae quoque instar ignis de caelo cadentes in plerisque Italiae locis visae sunt." 
AnnaUs Foroliviewte* : Muratori, Rer. It. 8cr,, xxii, 200. 

A. D. 1*766. Humboldt Bttys {Pers. Narr., iii, 388,) that the older inhabitant! 
of Cumana remembered that the great earthquakes of 1766 were preceded by 
displays like that of 1799. These earthquakes began Oct. 2 1st, 1766, and recurred 
at intervals through a whole year. Again he says (p. 846) that such phenomena 
vere witnessed alMut thirty years before 1799 at Quito. So great was the num- 
btr of shooting stars that the mountain seemed to be in flames. 

[To be continued.] 
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Abt. XXXVII. — Note on the Product of the Reaction between the 
Monosulphid of Potassium and the Bromid of Ethylene^ and on 
several compounds derived from it;^ by J. M. Crafts. 

When an alcoholic solution of monosulphid of potassium is 
mixed with the chlorid of ethylene, no reaction takes place im- 
mediately, but the mixture, after remaining exposed to the air 
several days, deposits a precipitate, whose composition is ex- 
pressed by the empyrical formula, CjH^S. When higher sul- 
phids of potassium are employed, compounds containing more 
sulphur than the preceding are still more readily obtained. 
These bodies, discovered by Lowigand Weidmann and described 
by them as sulphids of ethylene, can not be distilled, but are 
decomposed by heat into various products, of which the princi- 
pal is a sulphuretted oil, whose composition has not been deter- 
mined. (Vide Omelin, vol. iv.) No direct combinations of these 
sulphids with other bodies have been obtained, and they must be 
considered as among those of the non-nitrogenous organic com- 
pounds, whose chemical character and properties are the least 
accurately known. • 

It was with a view to studying the properties of the monosul- 
phid of ethylene, and particularly the action of chlorine and 
bromine upon it, that I attempted to prepare that body by 
means of the monosulphid of potassium and the bromid of ethy- 
lene, instead of with the chlorid, because, in similar double de- 
compositions, bromine in combination with organic radicals is 
more easily replaced by other elements or radicals than chlorine. 
The analogy was found to hold good in the present instance in 
so far that the bromid of ethylene is more easily attacked than 
the chlorid, but the products of this reaction differ entirely from 
those obtained by Lowig and Weidmann. This remarkable fact 
probably finds its explanation in the supposition of those chem- 
ists, that the sulphid of ethylene obtained by them was not the 
direct product of a double decomposition between the monosul- 
phid of potassium and the chlorid of ethylene, but resulted from 
destruction of the immediate product of the reaction, through 
the oxydizing influence of the air. 

If equal parts of bromid of ethylene and monosulphid of po- 
tassium, in solution in 6 parts of alcohol, are mixed together, a 
violent reaction, attended with disengagement of heat, com- 
mences after a few minutes : the whole mass becomes nearly 
solid from the formation of a voluminous precipitate, and at the 

' The latter portion of this research, relating to the sulphid of ethylene and iti 
combinations with oxygen and with bromine, has been published in the Comptei 
Bendut of the French Academy of Science, liv, 1277, and lir, 882. The atomic 
weights used in this note are H = l; C = 12; = 16; S = 82; Br = 80. 
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same time a small quantity of the vapor of monobromated ethy- 
lene, unmixed with ethylene (olefiant gas), is given oflF as gas. 
If the precipitate is washed with warm water to free it from 
bromid of potassium and from the excess of monosulphid of po- 
tassium employed, there remains on the filter a white, amorphous 
body contaming sulphur, which leaves no residue after incinera- 
tion on platinum foil. This body is at first slightly soluble in 
water, and the solutions gives a light yellow precipitate with salts 
of lead, and a white one with salts of mercury ; but after having 
been dried in the air it becomes entirely insoluble in water. 

The amorphous body prepared as above is very slightly sol- 
uble in alcohol, ether and bisulphid of carbon, but a small quan- 
tity of a crystallized substance can be extracted from it by boil- 
ing a long time in these solvents. On heating with ether, or with 
bisulphid of carbon at a higher temperature in a sealed tube, it 
is gradually decomposed with formation of a large quantity of 
the same crystallized substance, together with an oily product. 
This decomposition is complete only after several days at a tem- 
perature of 150° C, but is much more rapid at 170°-180® C. 

Although the ether and the bisulphid of carbon are probably 
not without chemical action on the amorphous body, the princi- 
pal product of its decomposition in sealed tubes is the same as 
that obtained from it by the action of heat alone ; and indeed 
the latter means was exclusively resorted to in order to obtain 
the crystallized substance in quantity suflBcient for the study of 
its properties. 

The action of heat on the amorphous body can be best ob- 
served by placing the substance in a bent tube, in an oil-bath, 
which is gradually heated and its temperature observed by 
means of a thermometer, while a current of air is passed through 
the tube to facilitate the sublimation of volatile products. In 
order to examine the gases given off, the air and gases together, 
after leaving the tube, are conducted through water, which re- 
tains those that are soluble. The products from different prep- 
arations were treated in this manner, and all gave the same 
results. As the temperature rises to 160° C. a deposit of crystals 
is seen gradually collecting in the cool part of the tube. The 
crystallized sublimate augments largely in quantity between 
160° and 195° C. ; and at this temperature a little bromhydric 
acid is given off, as may be seen by testing the water through 
which the gas is passed. At 195°-205° the crystallized sub- 
stance distils in great abundance, while a large (quantity of brom- 
hydric acid is given off. Above 205° C. the distillation of the 
crystallized substance nearly ceased, and the small quantity 
which passes over from 205° to 240° is mixed with a yellow oil, 
of which not enough was obtained to determine its properties. 
At this temperature a trace of sulphuretted hydrogen, oesides 
bromhydric acid, is found in solution in the water. 
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Of tbe different portions of the amorphous bodj whose analy^ 
aes are given below, the melting points of Nos. U. and IIL wen 
near 145° C. ; bat as the substance first softened and then became 
partly liquid before it melted entirely, this point could not bi 
very accuratdy determined. The melting point of No. V, whidi 
was more precisely marked, was about 125® C. 

The substance was prepared for analysis by washing carefully 
with warm water and drying at 60^-70° 6. Some portions wew 
iJso washed with alcohol to insure that no bromia of ethylene 
remained attached to them, but this precaution was fi)aQd 
unnecessary. 

Analyses made of different preparations gave the following 
results : 





I. 


II. 


III. 


in. 


ly. nr. 


c 


86-81 


S4-96 


34-27 


« • • • 


34*20 34-49 


H 


5*86 


6-49 


5-78 


• • • • 


5-93 5-36 


8 


44-94 


45-98 


42-95 


43-05 


42-05 42-12 


Br 


12-66 


18-'76 


17-49 


• . • • 


S (by loss) 18-00 



100-17 10019 100-49 

In order to determine in what degree the relative proportions 
of the bodies entering into the reaction might influence the com* 
position of the product, in one experiment (No. V) 1 part 
bromid of ethylene was treated with i part monosulphid of po- 
tassium in alcoholic solution (= 1^ equivalents) ; in another (VI) 
1 part of bromid of ethylene was treated with 2^ parts mono- 
sulphid of potassium (7 equivalents) and the mixture was 
allowed to stand 48 hours after the formation of the precipitate. 
A determination of bromine gave : 

V. VI. 

Br = 27-91 <fec. 11-95 

These analyses show that the immediate products of the reac- 
tion between the bromid of ethylene and the monosulphid of 
potassium is not, as might have been expected, the sulphid of 
ethylene, C3H4S ; but is a body whose composition varies widely 
in the diflferent preparations, and which contains a considerable 
amount of bromine, even though the quantity of monosulphid 
of potassium employed may have been largely in excess. The 
question arises, is there any relation between the percentage 
amounts of the constituents of this body which is constant la 
all the analyses, and which may give a clue to determine its com- 
position ? 

An inspection of the figures given above shows that in all the 
analyses the percentage of C is to that of H as 6 : 1, the same 
ratio that the percentages of those elements bear to one another 
in ethylene, so that it would appear that this radical remains 
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intaot daring the reaction ; farther, as will be seen by the table 
below, if the bromine in each analysis be supposed combined 
with the amount of carbon required to form with it bromid of 
ethylene, the remainder of the carbon stands very nearly in the 
same atomic relation to the sulphur that these elements bear to 
one another in the sulphid of ethylene, namely, 2:1; so that the 
idea naturally suggests itself that the body in question may bo 
a bromid of ethylene in which a part of the bromine has been 
replaced by sulphur. 

The numbers in the table were obtained by multiplying the 
percentage amount of bromine by /y, subtracting the product 
from the percentage of carbon, and dividing the remainder by 
12, the atomic weight of carbon, and then comparing the num- 
ber thus obtained with the percentage of sulphur divided by its 
atomic weight, 32. 

. I. II. III. IV. 

C:Szi: 207:1 1-02:1 1-96:1 198:1 

There is, however, a fact which speaks strongly against the 
above hypothesis, founded on these numerical relations, namely, 
that the bromine in the amorphous, sulphuretted compound is 
disengaged at a not very elevated temperature in the form of 
bromhydric acid, a property which indicates a molecular ar- 
rangement of the bromine, with reference to the bvdrogen, very 
different from that in the bromid of ethylene, as this latter can 
be heated to a very high temperature without suffering decom- 
position. A theory in regard to the nature of a body, which 
depends merely on its percentage composition and is at variance 
with its chemical properties, is inadmissible; and in the ab- 
sence of any reaction which could throw light on the subject, the 
rational formula of the immediate product of the action of 
bromid. of ethylene on the monosulpnid of ethylene must be 
left undetermined. 

It is worthy of notice, that, although a crystallized substance 
is easily obtained by the decomposition of the amorphous body 
by heat, its product of oxydation is not among those which are 
formed, when the latter is attacked by nitric acid at the ordinary 
temperature. 

The crystallized sulphid of ethylene can be obtained in consider- 
able quantity by the decomposition of the amorphous compound 
in the manner already mentioned. To obtain it perfectly pure, 
it is sufficient to wash the erystals, after they have been sub- 
limed several times, with a little ether, and to press them be- 
tween folds of filter-paper. 

For analysis were taken : 

Am. Jouft. Sol~-Sbcoki> S£iubs, Vol. XXXVII, >fo. IIL— Mat, ISdl 

61 
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I. O*! 785 grams substance, obtained 0*2540 grms. COa and 0-1082 grms. HO, 

IL 0n90 " •' " 0-6946 ** Ba^O SO, 

IIL 0-2581 « « «• 9845 * BajO SO3 

n. m. Theory C2H4S 

C=s89-98 40-00 

H=s 6-92 .... 6-67 

S 58*25 58*87 68-88 



10000 



This analysis leads to the empyrical formula, 0,H^S. 

The sulphid of ethylene is a solid body, somewhat volatile at 
the ordinary temperature, and has a peculiar odor, which 
although disagreeaole, is not nearly so strong as that of mercap- 
tan. It is slightly soluble in water ; in alcohol, ether and bisnl- 
phid of carbon, it is easily soluble, and more so when the sol- 
vents are hot than at the ordinary temperature. ' 

By gradual evaporation of its solution in the bisulphid of car- 
bon, the sulphid of ethylene may be obtained in transparent 
crystals of considerable size with brilliant surfaces, which, how* 
ever, after a short time become dimmed by the slow evaporation 
of the substance in the air. I am indebted to the kindness of 
Mr. Friedel for the measurement of these crystals. They belong 
to the clinorhombic system. 

In the larger crystals, the base (P) y V 

is usually much developed; in the / ^ -. 

smaller, the faces (P) and (a') are ^ ^^ 

nearly equally developed. The faces 




observed are, qcP=(M); 0P=(P), \/ CaJ 

and Px = (a'). Vertical axis on in- 
clined axis =47° 59'. Prismatic edge of base on inclined axis 

=27° 38'. 

Angles calculated. 
81° 13' 





Angles measured. 


P : a' 


= 81** 44' 


P : M 


112 SO 


M: M 


69 44 


M: 0' 


111 11 



In polarized light a system of rings is observed very oblique 
to the face (P), and another almost normal to (a'). 

The solidifying point of the crystals, after they have been 
puriBed, is 112^ The boiling point is 199°-200° C. 

The sulphid of ethylene does not combine with ammonia in 
aqueous or in alcoholic solution, or even when heated to its boil- 
ing point in an atmosphere of the gas. It is readily attacked 
by concentrated nitric acid ; red fumes are given off, and a crys- 
tallized product of oxydation is formed. Only traces of sul- 
phuric acid are produced, even when fuming nitric acid is em- 
ployed. The oxydation by means of bromine in the presence 
of water gives rise to the same crystallized product as that ob- 
tained with nitric acid. 
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When dry chlorine gas is passed over the sulphid of ethylene, 
this latter is attacked with energy, and chlorhydric acid is given 
off, even though pains may have been taken to prevent the tem- 
perature from rising; chlorhydric acid is also disengaged when 
chlorine is passed into a solution of the crystals in the bisulphid 
of carbon. 

Bromine unites directly with the sulphid of ethylene, form- 
ing a definite compound, and if care has been taken to prevent 
the temperature from rising, no bromhydric acid is given off. 

A determination of density of vapor was made, by Dumas' 
method, on a portion of the crystals purified by repeated crys- 
tallization from bisulphid of carbon. The substance which re- 
mained in the balloon was entirely unaltered at the temperature 
(266°) of the experiment. 

Temperature of balance, = 24® C. 

" " oil-balh, 260** " 

Increased weight of balloon, 0*5535 

Capacity of " 348 cubic centimetres. 

Air remaining in " Ice. 

Barometer during the time of the experiment =766*8 mm. 
Density of vapor tbund, = 4*213 

Theory, C4HqS2=2 vols. (H=l vol.)= 4-1556 

Another determination, made at the boiling point of mercury 
by Deville's method, failed, because the substance was decom- 
posed at this temperature. 

The determination given above necessitates the doubling of 
the empirical formula, CjH^S, of the sulphid of ethylene, in 
order to make it the rational formula in accordance with the law 
of Ampere : that one molecule of all bodies in the gaseous form 
occupies two volumes of space, if one atom of hydrogen is con- 
sidered as occupying one volume. The sulphid in question 
would thus be the product of the condensation of two molecules 
of monosulphid of ethylene into one. 

Condensed products of this nature, belonging to the ethylene 
group, have been made known by the researches of Wurtz and 
of Lorengo, in which a number of compounds have been dis- 
covered, where two, three and more molecules of oxyd of ethy- 
lene, CgH^O, are condensed into (occupy the place of) a single 
molecule; but in no instance is the formation of one of these 
stages of condensation unaccompanied by that of others of the 
same series. The crystallized sulphid of ethylene, on the con- 
trary, is not accompanied by any other compound of similar 
nature and different atomic weight. Again, the oxyd of di- 

(C H 0\ 
P^tt*q), and the still more condensed compounds of 

oxyd of ethylene, combine with two equivalents of bromine, 
and play the same part in the glycoles derived from them as the 
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oxyd of ethylene; while the cry stall issed sulphid of ethylene, 
if the formula is doubled, unites with four equivalents of bro- 
mine, and with four and even eight equivalents of oxygen. 

It is therefore necessary, in assigning a rational formula to the 
sulphid of ethylene, to strike the balance between the weight 
that should be given to the analogy which ought to exist be- 
tween this bodv and the oxyd of ethylene, and that which 
should be attached to the accordance of the formula with the 
law of Ampere. The latter consideration seems to be the more 
important one from the generality of the law relating to atomic 
volumes, and it is not improbable, that the anomaly mentioned 
will be explained, or at least generalized, on further study of 
the diatomic sulphids; but as an incertitude exists, I shall re- 
tain, in the present memoir, the formulae for the sulphid of ethy- 
lene and for its compounds, which I assigned to them in my 
first communications to the French Academy of Sciences, when 
I was unacquainted with the density of vapor of the sulphid of 
ethylene.' 

Oxi/d of sulphid of ethylene, — This body is the only product of 
oxydation of the sulphid of ethylene by nitric acid at a tern- 
j)erature not exceeding 100° C. It is best prepared by treating 
the sulphid with a small excess of fuming nitric acid, and then 
washing, once with a small quantity of water, and afterward 
with ordinary alcohol until the product is freed from acid. An 
analysis of the body prepared in this way and dried at 100® C, 
gave: 

Gram. Gram. Gram. 

I. 02801 substance taken ; 0*8280 GO, and 0*1866 H^O found. 

IL 0-2104 •* " 0-2410 " " 01016 " ** 
m. 01968 " ** 06010 BaaOSOj 
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Theory CaH4S0< 
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81*26 
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6*86 
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6-26 
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• • • • 


• • • • 


41-92 


4210 





— ^ 


• • • • 


• a • • 


• • • • 


2106 



100*00 

' Mr. Husemann, who obtained the sulphid of ethylene by another reaction, ai 
Tvcll ns by the one with monosulphid of potassium, and was occupied with its study 
at the same time as myself, was the first to publish a determination of its density 
of vapor in a note in the Chem. Centralblatt (1862, p. 497), which appeared a short 
tinie after the publication of my note in the dympUt Rendw (vol. liv, p. 1277); 

n'u^o)* And named 

tho body sulphid of diethylene. Mr. Husemann also studied the product of sub* 

stitution of chlorine in the oxyd of sulphid of ethylene (the compound best suited 

/C H CISOn 
to determine directly its rational formula), and obtained the body (n'xi^f«icQ) bi 

crystalline form by the action of chlorine water on the sulphid of ethylene. The 
fact, that this body is the first product of substitution of chlorine in the oxyd of sol- 
pi lid of ethylene, speaks rather against, than for, the doubling of the simplest fo^ 
mula, C2H4SO, although it can not be regiirded as deciding the question, as would 

bftve done the existence of a compound (n^H So)' 
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The oxyd of sulphid of ethylene is readily soluble in water, 
apd still more so in an acid solution ; it is but slightly soluble 
in alcohol and in ether. Its solution in water has at first a sweet 
taste which afterward becomes astringent. 

From a perfectly neutral solution in water it can be obtained, 
by gradual evaporation, in crystals of considerable size, which 
have the appearance of rhombohedrons, and the terminal angle, 
measured with a hand goniometer, is 72°-73°. The crystals ob- 
tained from an acid solution are much smaller and more elon- 
gated, having the appearance of prisms. 

The oxyd of sulpnid of ethylene enters into no combination 
with ammonia or with mineral acids. It is destroyed by heating 
with a strong solution of caustic potash with formation of res- 
inous products. It is not volatile, but supports a temperature of 
200*^ C. before it is destroyed by heat. This oxyd is isomerous 
with thiacetic acid, (acetic acid in which an atom of oxygen is 
replaced by an atom of sulphur,) but it is not transformed into 
this acid by the action of alkalies. 

The Deutoxyd ofsulphid of Ethylene is the product of the further 
oxydation of the preceding oxyd by means of nitric acid, at a 
temperature higher than its boiling point. 

It several grams of the protoxyd are sealed up with fuming 
nitric acid, in a stout glass tube, % means of the blast-lamp, and 
heated in an oil-bath to 120° or 130° C, only a verj slight reac- 
tion takes place ; but if the temperature is maintamed one-half 
hour at 160° C, aggregations of small crystals filling up most of 
the lower part of the tube are formed, and on opening the tube 
a considerable quantity of a gas consisting in large part of hypo- 
nitric acid is disengaged. 

The crystals, under the microscope, present the appearance of 
small prisms terminated by two faces forming an obtuse angle 
with one another. They are insoluble in water, and nearly so 
in ordinary nitric acid, but can be easily dissolved in fuming 
nitric acid, and the body is precipitated from this solution, in the 
form of a fine powder, on the addition of water. The deposi- 
tion of the crystals in the sealed tubes results probably from the 
destruction in the process of oxydation of a portion of the fum- 
ing nitric acid, whereby water is set free, ana also, perhaps, be- 
cause they are less soluble in this acid when saturated with 
hyponitric acid than when pure. 

Provided the oxydation has not been carried too far, an 
analysis of the crystals, taken from the tube and washed thor- 
oughly with warm water, gives a little more carbon and hydrogen 
than correspond to the composition of the deutoxyd, showing 
that they still contain, as an admixture, a little of the protoxyo. 
The deutoxyd can however be obtained perfectly pure by dis- 
solving the crystals in fuming nitric acid, precipitating by the 



898 /. M. Crafts on the Product of the Reaction between 

addition of water and then washing the precipitate with boiling 
water. The product thus obtained, and dried at 100** C. gave : 

Gram. Gram. Gram. 

L 0-2818 substance taken ; 0*2210 COj and 0*0985 H.O found 
II. 01642 " ** 0*4112 BasOSOs 

I. II. Theory CaH^SO. 

C = 2600 .... 26*08 

H = 4*72 4*86 

S = 84*86 84*78 

O = 84-78 

100-00 

To obtain the deutoxyd perfectly pure, the oxydation with ni- 
tric acid should not be prolonged beyond one-half hour, and the 
temperature should not exceed 150*, for the deutoxyd itself is 
capable of slight alteration, and, although its physical properties 
remain the same, it then contains a little less carbon and hydrogen 
than the theoretical amount, showing an admixture of a more 
oxygenated compound, from which it can not be separated, as 
from the protoxyd. No further stage of oxydation than the deut- 
oxyd seems capable, however, of existing alone, and when the 
oxydation with nitric acid, in sealed tubes, is continued as far as 
I possible, only the slightly altered deutoxyd, together with its ulti- 
mateproducts of decomposition, and no tritoxyd, are produced. 
The crystals obtained on heating with nitric acid one hour to 180** 
C, contained 25*20 p. c. C, and 4*80 p. c. H. Those obtained by 
heating three times, one-half hour each time, to 200*^ C, contained 
25-22 p. c. C, and 4-37 p. c. H, instead of 2608 p. c. C, and 4-36 
p. c. H, which the composition of the deutoxyd requires. In 
each of these experiments considerable quantities of sulphuric 
acid, and also of a gas, probably carbonic acid, were formed, and 
in the second the oxydation was effected in three operations, in 
order to open the tube and permit the gas formed to escape be- 
tween each one. Although the deutoxyd is thus ultimately de- 
composed into sulphuric acid, carbonic acid and water, it resists 
in a remarkable degree the action of so powerful an oxydizing 
agent at so high a temperature. 

The deutoxyd of sulphid of ethylene does not lose in weight 
when heated to 150° C. in an air-bath, and even supports a tem- 
perature superior to 200° C. without apparent alteration. 

It is not attacked by ammonia, but it is dissolved on boiling 
with a dilute solution of caustic potash or hydrate of baryta, and 
is not precipitated from the solution by the addition of an acid. 
The deutoxyd seems to be transformed by the action of these 
alkalies into a feeble acid, whose potash and baryta salts are sol- 
uble, but neither the salts nor the acid have been obtained in a 
crystalline form, and as they are accompanied by other products 
it nas as yet been impossible to purify them, so that the exact 
nature of this transformation has not been determined. 
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I%e bromid of sulphid of ethylene. — It has already been men- 
tioned that the sulphid of ethylene combines directly with bro- 
mine without disengagement of bromhydric acid. Whether this 
combination can take place in more than one proportion is a 
question of particular interest, and at the same time is one, 
which from the manner in which the union of the two bodies is 
effected can be easily resolved. 

When a solution of bromine and another of sulphid of ethy- 
lene in bisulphid of carbon are mixed together in different pro- 
portions, one or the other being largely in excess, a light yellow 
colored precipitate is formed, which always has the same compo- 
sition after it has been purified by washing with bisulphid of 
carbon. Of the preparations analyzed below. No. I. was formed 
in a solution containing bromine in excess, and No. II. in a so- 
lution containing an excess of sulphid of ethylene. 
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The bromid of sulphid of ethylene is decomposed immedi- 
ately by water, and also, though less rapidly, by alcohol, with 
formation of the protoxyd of sulphid of ethylene, together with 
bromhydric acid. It also absorbs moisture after a short time 
from the atmosphere, and undergoes the same decomposition ; for 
which reason its purification by washing with bisulphid must be 
effected as rapidly as possible, and the precipitate must be kept 
s^l the time covered with a layer of this liquid. 

The bromid is not a very stable body, being decomposed by 
heat at a temperature considerably under 100® C, and even at 
the ordinarv temperature it is decomposed with disengagement 
of bromhydric acid, after standing several months in a sealed 
tube. 

It is worthy of remark that the bromid of sulphid of ethylene 
presents no analogy in its properties with a body having the 
formula, C,H^SClj, which was obtained by Gutnrie by com- 
bining directly ethylene gas with the perchlorid of sulphur, 
(SCI,). 

The purity in which the foregoing compounds are obtained by 
direct addition of bromine and oxygen to the sulphid of ethy- 
lene proves a fact which could not be demonstrated by a simple 
analysis of the latter, and only with small degree of accuracy by 
a determination of density of vapor, namely, that this sulphid is 
a chemically pure compoundi and not a mixture of various etageo 
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of condensation of the simple molecule, C^H^ S; for in case it 
were composed of sach a mixture, the quantity of it which 
would combine with a given quantity of any element must vary 
according as one or another of the different stages of condensa- 
tion predominated in different preparations. 

The sulphid of ethylene is isomerous with a crystallized body 
obtained by the action of sulphuretted hydrogen on aldehyd, 
and as I at first suspected that the two bodies wer6 identical, I 
was induced to prepare the latter in order to compare it with the 
subject of my research. It was obtained from aldehyd by the 
process of Weidenbusch, and after having been once distilled 
and separated from its volatile products of decomposition by 
washing with alcohol, it was repeatedly crystallized from various 
solvents, but was usually deposited in the form of silky fibres, 
much too fine for crystallographic determination. Only ooce^ 
by gradual evaporation of a solution in bisulphid of carbon, 
were crystals obtained of suflicient size for measurement ; they 
were in the form of long lamellar prisms with well formed faces, 
which preserved their brilliancy in the air a longer time than 
the sulphid of ethylene, showing that the substance is less vols* 
tile at the ordinary temperature.. 

According to a determination by Mr. Friedel, the prisms be- 
long to the right rhomboidal system, and have a cleavage paral- 
lel to their base. Two parallel faces are much more largely 
developed than those of the primitive prism, giving to the crys- 
tals their lamellar appearance. 
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Two systems of rings are apparent when polarized light is 
passed through a thin piece obtained by cleavage in a directioa 
perpendicular to the plane of cleavage. 

The solidifying point of this sulphid is not very distinctly 
marked; when a delicate thermometer is plunged into a portion 
which has been melted, the mercury remains stationary an in- 
stant at 95° C, while crystalline flakes are seen to form in the 
melted mass, which then becomes soft and solidifies completely 
only at 70° C. 

When the body is heated in a retort placed in an oil-bath, dis- 
tillation commences at 205° C, but the point of ebullition rises 
gradually to 260°, when a partial decomposition takes place and 
a charred mass is left in the retort. 

The sulphid obtained from aldehyd is destroyed by chlorine 
or bromine with formation of various products. When it is 
treated with nitric acid, sulphuric acid in notable quantity is 
formed, but no intermediate product of oxydation, which can be 
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isolated. It will be thus seen, that this body differs widely in 
ohemical as well as in physical properties from the sulphid of 
ethylene. 

This research was made in the laboratory of Professor Wurtas, 
to whom I owe my thanks for his kind assistance and valuable 
suggestions. 

F^9, August nth, 1868. 



Art. XXXVIII. — On (Jie mechanical and chemical treatment of 
Gold and oilier metals ; in a letter to Prof. B. SiLLlMAK, Jr., 
from James D. Whklpley. 

Agreeably to your request, I send you herewith a few mem- 
oranda in explanation of our new process for preparing quartz- 
ose ores of gold for amalgamation. 

This process, so far as I am aware, together with all the ma- 
cbinery employed in it, was invented and constructed by CoL 
J. J. Storer and myself. 

Our researches in this direction began in the Spring of 1860 
in Philadelphia. We experimented for several months upon a 
small scale, testing most of the then known processes for reduc- 
tion and desulphurization of ores. It then appeared to us that 
processes requiring long periods of time, such as are employed 
Dy skillful chemists in the laboratory, could not be applied to 
large mining operations, where masses of several tons nave to 
be treated at one operation. 

A few grains of sulphuret of iron or copper heated to white- 
ness in a platinum capsule will be thoroughly desulphurized, 
but a mass of ore weighing several thousands of pounds can not 
be handled in this manner. The ore fuses in the furnace, taking 
the form of slag and holds the sulphur confined in its substance. 

If on the other hand the finely pulverized ore be spread thinly 
over a hearth 14 feet in length and 8 or 10 feet in diameter, with 
free access of air, and the heat either radiated from the roof or 
passing up through the hearth of the furnace, a very thorough 
desulphurization may be effected, by constant turning and ex- 
posure of fresh surfaces, taking care that the temperature does 
not exceed a cherry-red heat. 

A large access of atmospheric air is necessary for the manage- 
ment of this process, and it is aided by the aadition of chlorid 
of sodium, and other reducents. Though perfect in the end, it 
is exceedingly expensive and tedious, because of the care re- 
quired in regulating temperature and handling of the material. 

The results of the experiments with this last process were, 
however, very valuable to us. We discovered that the first 
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condition of thorough desulphurization was the redaction of the 
ores and sulphurets to an impalpable powder. The reason of this 
is evident ; viz : that the effect of heat upon a particle increases 
inversely as the square of its diameter. 

Microscopic atoms are readily acted upon by combined air and 
moisture at a cherry-red heat. Pieces of the size of mustard seed 
will resist the action of the best managed furnace for hours, and 
the difficulty increases with the size of the particles directly as 
the squares of their diameters. 

A theoretically perfect process, therefore, requires : — 

1st, That every particle shall be microscopically small, — ^in 
the condition of fine, floating dust. 

2d, That the particles do not touch each other while hot 

8d, That when metallic grains, as of gold or copper, have to 
be separated from the ore, the contact of water with the heated 
particles is necessary. 

We constructed a furnace in which finely pulverized ore-dust 
was floated in a current of hot air and flame, passing down 
through a flue leading from a hard-coal fire, at an angle of about 
46°, and then resting upon a horizontal hearth or sole.* 

We discovered at this time that moisture or the vapor of water 
in large quantities materially aided the process of desulphuriza- 
tion in free air, and we constructed and applied a steam appa- 
ratus by which a volume of steam was made to pass down the 
inclined flue with the ore-dust, the atmosphere, and the products 
of combustion. 

At this point we encountered several serious difficulties. The 
inside of the inclined flue became lined with stalactoid masses of 
semi-fused ores, and the sole of the furnace caked and covered 
with the same. When a certain quantity of burnt ore had ac- 
cumulated on the hearth, a trap was opened and the heated mass 
pushed through into a water-bath. The agglutinated masses, 
on being withdrawn from the bath, were re-ground, and passed 
a second time through the furnace. 

A sufficiency of atmospheric air could not be applied through 
the furnace doors, and a very large percentage of the ores es- 
caped through the chimney into the open air. 

The last of these difficulties was overcome by placing a power- 
ful fan wheel of copper (which served also as a water or spray 
wheel) in the chimney itself, or in a chamber of it, and by car- 
rying the horizontal flue some 76 feet beyond this wheel. 

The steam from the furnace and the spray from this wheel, 
working over a pool of water which formed the floor of a hori- 
zontal flue, effectually wetted down and saved the flying dust of 
ore. 

' This furoace was built and worked in Charlestown, (Ma8&) in Maj, Jane and 
July, 1861. — J. D. w. 
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The brick floor or sole of the famace was abandoned, and a 
water-floor substituted. Over one end of this pool or water- 
hearth, a perpendicular flue was erected, from 12 to 15 feet in 
height above the surface of the water. 

The flames of four fires were poured into the top of this flue 
bv the effect of two fan-wheels : the first, the copper spray-wheel 
alreadj spoken of; the other, an auxiliary fan blower, sending 
air into all the fire-boxes. The top of the furnace was left open, 
and a column of air, bearing pulverized ore, driven directly worn 
the pulverizing mills^ down through the centre of the perpen- 
dicular flue. 

The operation of this machinery balanced and regulated the 
force of the draft so well, that while ore-dust was driven in at 
the rate of 1200 pounds an hour, carrying with it an excess of 
atmospheric air, if a side door of the descending flue were 
opened, a feather would float in the opening without being 
blown either way. 

We then discovered that the immediate quenching of the fused 
particles of ore, by the water in the pool and in the chamber be- 
yond, was essential to a thorough separation of the metals. The 
heated particles on touching the surface of the water are explo- 
ded into still minuter fragments, a degree of fineness unattain- 
able by any other means. The entire apparatus is constructed 
with a view to this result. 

The water lining the bottom of the flues is a circulation com- 
pleted by an outside canal. The water thrown up from the 
copper dash wheel, returning circuitously, falls back into the 
furnace pool. This water, after some time working of the fur- 
nace, is of course charged with sulphates of iron, copper, and 
other metala The insoluble metal falls to the bottom with the 
sediment^ which is composed chiefly of silica and iron. In this 
sediment the gold will be found ready for washing and amalga- 
mation. 

The sediment is drawn out by the workmen, as fast as it accu- 
mulates, through the submerged arches on which the brick flues 
or water chambers are established. 

The condition of the sediment is that of a smooth plasma 
without grit or coarseness of grain. Using only floating dust, 
10 tons can be worked in ten hours with these results, in a fur- 
nace of the size indicated. More extensive machinery would 
give larger returns. 

We built our flues and water beds under the furnace and also 
under the horizontal brick archway leading therefrom to the 
spray-wheel, of common brick thickly covered with ordinary 
hydraulic cement. We found this a very good lining for the 
descending flue or "drop." The spray chamber beyond the 
dash wheel was built of wood, over a brick and wooien water 
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channel 75 feet long, 6 feet wide, from 20 to 80 feet high. This 
was filled with vapor of water and sulphurous acid from the 
furnace pools, which made a fine rain ; carrying down any 
minute ore-dust which might escape the action of the dash 
wheel, also condensing large quantities of sulphuric acid from 
the sulphurets. 

The gold ores most free from sulphurets are easily worked. 
When the sulphur is in excess, the supply of air and moisture 
must be proportionately large. 

In regard to fuel, the finer the ore-dust before burning, the 
more economical the process. 

In pl«»ces where wood alone is accessible for fuel, the fire-boxes 
should be from 20 to 80 inches deep, below the fire-bridges ; 8 
inches for coal. 

Crushing machinery. — For crushing gold ores previous to fine 
grinding, any ordinary crushing machinery may be employed 
that will reduce them to pea- or gravel-size, as they must not be 
larger than this before entering the pulverizer. 

The crushing mill used by us is a patented invention of my 
own. It consists of a very heavy and solid bar of wrought iron, 
revolving in the bottom of a cast iron tub as close as possible to 
the sides and bottom of the tub. 

This bar carries at either extremity a hardened steel or chilled- 
iron plate, with a cutting edge welded to a soft iron back to pre- 
vent rupture. 

The sides of the tub are pierced with holes from an inch to 
half an inch in diameter, forming a coarse sieve. 

Two of these bars may be used crossed, working four cutters, 
held together by a cast iron center piece of great strength and 
solidity, through which an upright shaft passes, furnished with 
a step and a pulley. The speed of these cutters is a little more 
than 10,000 feet a minute. The broken pieces of quartz are 
thrown out of the holes in the side of the tub at the rate of five 
tons an hour. 

Pulverizing machinery, — The pulverizing of the crushed ore is 
performed by flat plates of thin iron faced with chilled-iron, at- 
tached to radiating arms; somewhat like the pnddles of a steam- 
boat wheel. These revolve inside of a cast iron drum, as close 
as possible to the sides and very near its circumference. A hori- 
zontal shaft passes through the centre of the drum. 

The material, gravel size, is poured in on one side at the axis 
by an automatic hopper, which measures the quantity. 

A powerful draft of air, forced through the machine by a fan 
blower forming an essential part of the apparatus, draws out the 
dust through a hole on the opposite centre of the drum, where 
the shaft also passes. 
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The dust is then carried by this fan blower and driven into 
the top of the furnace. The minimum rate of delivery for a 
mill or ordinary size is 1500 pounds an hour. 

Of this last machine I can not give you a more minute account, 
as its successful operation depends upon interior details, obtained 
by long and costly experiment. The maximum rate of produc- 
tion we have not yet ascertained. 

All the new and important features have been patented by 
Col. J. J. Storer and myself. 

As soon as possible, I will furnish you with working plans of 
the furnaces built and worked by us. We have ground the 
hardest copper ores of Vermont and the quartz of Nova Scotia 
in our pulverizing mills. I know of none more diffici^lt of re- 
duction. 

Boston, Mass., March 6th, 1864. 



Art. XXXIX. — Minerahgical Notices; by Charles Upham 

Shepard, of Amherst College. 

Ores of Antimony. — This metal is rather recently made known 
to us as entering into the mineral wealth of this continent. The 
antimonite has been reported from a place called Soldier's De- 
light, in Md. ; and from Carmel, in Penobscot Co., Me. About 
fifteen years ago, very distinct specimens, though in small quan- 
tity, were brought to me from Cornish, N. H., by Prof. F. Shep- 
herd. The Breithauptite has for several years been known as 
existing at the Chatham (Conn.) nickel mine. But at neither 
of these localities was there any flattering promise of the metal 
in workable quantity. It now, however, promises to be pro-^ 
duced from more than one American locality. Beside the South 
Ham, C. E., mines of antimony^ of which a notice is here sub- 
mitted from C. H. Hitchcock, Esq., as the result of a very recent 
survey, we find mention made of two other localities in his 
second report on the geology of the State of Maine (1868), one 
of these being in the Province of New Brunswick and the other 
in the eastern part of Maine. 

Mr. Hitchcock, in presenting me with his notice of the South 
Ham mines, submitted also several other ores of antimony un- 
known on this continent before the discovery of this mine, a de- 
scription of which I append to his account. 

Mr, HitchcocVs Statement on the Antimony Mine of SoutJi Ham^ 
C. JS. — The rocks are the common talco-micaceous schists of the 
Quebec Group of the Lower Silurian. The strata run N. 55** 
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E., and dip at a high angle N. 85^ W. There are three me- 
tallic lodes upon the hill catting across the strata at various 
angles, and all intersecting with one another so as to form a 
triangular space. I have seen but one other example of a cross 
lode in Canada. 

A trial shaft has been sunk upon one of the veins, and at a 
depth of 15 feet shows an increase of the lode from 18 inches to 
three feet, with very distinct walls. This lode has been traced 
with the course E. 15^ N. for a distance of half a mile. The 
two other lodes are a very little smaller, and have the courses 
N.E. and W. 28° S. The intersections of the veins have not 
been exposed. The dip is variable, the first and second dipping 
toward each other. 

West of the lodes and higher up the hill is a small bed of 
serpentine. I have not been able to trace either lode across it, 
ana suspect the serpentine has cut off the lodes, as the gangue of 
the lodes appears on the west side of the former. Numerous 
small leaders to the main lodes traverse the schists, and are all 
charged with antimony. 

The gangue is mostly a quartz rock of a dark bluish tint 
The metal is disseminated through it generally unostentatiously, 
but occasionally in both large and small lumps. Dr. Hayes's 
assays for the proprietors show that very unpromising portions 
of the gangue yield 80 per cent of antimony. The richest por- 
tions of the lode vary in position, sometimes on the foot and 
sometimes on the hanging wall. The native metal is the com- ' 
mon form of the occurrence of the antimony. The ores occur 
only occasionally, and not in workable quantities. A company 
has been formed to work the lodes, with flattering prospects of 
success. The mine is about thirty miles distant from either 
Danville or Athabaska stations on the Quebec branch of the 
Grand Trunk Railway. 0. H. Hitchcock. 

The new ores are stiblite, senarmontite and kermesite.^ 

^ The following account of the antimony mine of South Ham, C. E., is published in 
the Report on the Geological Survey of Canada, by Sir Wm. £. Logan (1868), as a 
note to page 876, from which it appears that Professor Shepard's observations are 
here mostly anticipated : 

*' A deposit of this metal has lately been discovered in the township of South 
Ham, on the twenty-eighth lot of the range east of the Gosford road. It is de- 
•cribed as occurring in a vein or bed, of from six to sixteen inches in thickness, 
in argillite, which is penetrated by numerous smaller veins of the ore. The greater 
portion of the antimony is in the metallic state, as lamellar, or more rarely, as finely 
granular native antimony ; but the sulphuret, antimony glance, also occurs in small 
radiating prismatic crystallizations. Besides these, the white oxyd of antimony, both 
massive and fibrous, is found in this locality, associated with small crystalline tufls 
of the red ozysulphuret of antimony, kermesite. These latter ores are probably 
only the results of superficial oxydatiun. From the specimens already obtained 
from this locality, it would appear probable that antimony exists here in workable 
quantity. It is accompanied by quartz and a little brown-spar/'— Eds. 



C. U. Shepard — Mineralogical Notices. AWK 

1. Stiblite. — Tbis occurs in crusts upon antimony and quartz, 
and in pseudomorphs after antimonite, the remains of whose 
crystals may generally be seen occupying the centres of the 
pseudomorphs. They are opaque, of a pale ochre-yellow color, 
and possessed of a glimmering lustre. In a closed tube they 
yield water ; before the blowpipe are not reduced, but form a 
stain on charcoal. 

2. Senarmoniiie, — This exists in small, nearly transparent, 
octahedral crystals. Before the blowpipe, melts easily; on 
charcoal, forms a thick white coating; and in the reducing 
flame gives metallic antimony. In the closed tube it wholly 
sublimes. It dissolves readilj in chlorhydric acid, the solution 
yielding a white precipitate on dilution with water. 

3. Kermesite. — Occurs in minute acicular crystals and in com* 
pact bundles of diverging fibres. Color cherry -red. Before the 
blowpipe, melts; depositing a sublimate of antimonious acid. 
Soluble in chlorhydric acid with extrication of sulphuretted 
hydrogen. When treated in powder with caustic potassa, its 
color changes to yellow, after which it is taken into solution. 

Eudialyte in Arkansaa.-^I found this mineral in 1861 at Magnet 
Cove, in imperfect rounded crystals, imbedded in feldspar, and 
associated with aegirine, the three belonging to the extensive 
elsBolitic rock of that remarkable region. At first, I took it for 
corundum, — its color being a rich crimson, varying to peach- 
blossom red. Its hardness, however, was discovered to be rather 
under 6. Before the blowpipe it melted into a greenish scoria, 
and when in powder promptly gelatinized in chlorhydric acid. 

^girine also occurs at the same locality in loose crystals in 
the soil. 

Tungsten at Chesterfield, Ms. — A specimen of this tin-accompa- 
nying species has for some years been in my collection, coming 
from the celebrated green and red tourmaline vein of Chester- 
field. It is imbedded in albite and associated with tourmalines. 
It was in close proximity to minute crystals of cassiterite, a spe- 
cies now frequently found in the granite of the adjoining towns 
of Goshen and Norwich. 

Amherst, Jan. 7, 1864. 
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SCIENTIFIC INTELLIGENCE* 

I. PHYSICS AND CHEMISTRY. 

1. On the ipectrum of carbon, — Attfield has examined the itpectnim 
of carbon as observed in various flames containing this element, and in 
the light of the electric spark passed through dilute carbonic oxyd and 
bisulphid of carbon. Swan observed in 1 856 that all hydrocarbon flames 

five four groups of rays, which are respectively faint yellow, light green, 
right blue, and rich violet. The author concluded that these bands 
must arise from incandescent carbon vapor. The spectrum of a roizturs 
of coal gas and oxygen was brilliant and well defined. The yellow-green 
band was found to consist of six lines ; the green band of five ; the blue 
of five, and the violet band of two with a faint hair liiie between. The 
spectrum of cyanogen g^ve — ^as stated long since by Draper — a splendid 
series of bands which became still more distinct and brilliant on feeding 
the flame with oxygen. By direct comparison it was easily shown that 
the cyanogen spectrum contains the same lines as that of coal gas, to- 
gether with a very distinct and complex nitrogen spectrum. Rarefied 
cyanogen gave precisely the same spectrum on passing electric discharges 
through the tube. A tube containing a trace of olefiant gas gave a 
spectrum identical with that of a hydrocarbon burning in air. The 
names of carbonic oxyd and bisulpbid of carbon give continuous spec- 
tra, but when small quantities are ignited in tubes by the electric dis- 
charge, brilliant and sharp spectra are obtained which exhibit the four 
groups of bands above described. The author concludes that these bands 
form the spectrum of carbon, and as the blue band is the brightest, be 
explains in this manner the blue color of many flames. The *^ blue heat*^ 
of a Deville's furnace is doubtless a case in point — Journal of Chem, 
Soc,, [2], i, 97. w. G. 

2. On the optical distinction between hypermanganic acid and con^ 
pounds of sesquioxyd of manganese. — Hoppe-Setler has found that a 
solution of hypermanganic acid exerts a powerful absorption upon green 
and green-yellow rays. A solution of phosphate of sesquioxyd of man- 
ganese exhibits the same action. If, however, the solution of this salt is 
diluted more and more, the absorption in the middle of the spectrum 
gradually disappears without the appearance of definite bands, while 
dilute solutions of hypermanganic acid exhibit five distinct absorption 
bands, of which the first, reckoning from the red, lies beyond D, the sec- 
ond dark band between C and b (sic), the third, also very dark, upon £ 
extending to 6, the fourth between b and F, and the fifth and weakest 
upon F. Sesquichlorid and sulphate of sesquioxyd of manganese exhibit 
the same action as the phosphate, exce]it that there is here an abeorptioa 
also in the blue and violet. The solution obtained by Crum's test ex- 
hibited the five absorption bands very clearly. Hence it appears that 
Rose was in error in considering this solution to contain sesquioxyd.-— 
Journal fur prakt, Chemie^ xc, 303. 

3. On the action of light upon nitro-prussid of sodium, — RoussiK has 
proposed a method of determining the chemical intensity of light which 
IS based upon the decomposition produced in a solution of nitro-pru:>sid 
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of sodium mixed with sesquiohlorid of iron. The author reeommende a 
solution containing two parts of this nitro-prussid, two of dry sesqui* 
chlorid of iron, and ten of water. The solution is to be filtered and kept 
in a bottle covered with black paper. An exposure of a few minutes to 
solar light is sufficient to communicate to this liquid an intense blue tint 
with an abundant precipitate of prussian blue. The author proposes to 
measure the chemical intensity of light by determining the density of the 
normal solution by means of an areometer before and after insolation, 
the temperature being in each case supposed to be the same. It seems 
not impossible that this process may contain the germ of a valuable 
method of investigation, but no experimental data are given by which to 
judge of its value. — Les MondeSj March, 1864, 415. w. a. 

4. On the barometer, as an indicator of the earth's rotation, and the 
MuiCs distance ;^ by Flint £arlb Chase. — The existence of daily baro- 
metric tides has been known for more than a hundred and fifty years, but 
their cause is still a matter of dispute. It is evident that tbey cannot be 
accounted for by variations of temperature, for, 1, their regularity is not 
perceived until all the known effects of temperature have been eliminated ; 
2, they occur in all climates, and at all seasons; 3, opposite effects are 
produced at different times, under the same average temperature. Thus 
at St Helena, the mean of three years^ hourly observation gives the fol- 
lowing average barometric heights : 

From Oh to 12>> 28-2801 in. From 18»> to 6^ 282838 in. 

" 12»> to Ot 28-2861 *' ** 6*» to 18^ 28*2784 " 

The upper lines evidently embrace the coolest parts of the day, and 
the lower lines the warmest. Dividing the day in the first method, the 
barometer is highest when the thermometer is highest; but in the second 
division the high barometer prevails during the coolest half of the day. 

On account of the combined effects of the earth^s rotation and revolu- 
tion, each particle of air has a velocity in the direction of its orbit, vary- 
ing at the equator from about 65,000 miles per hour, at noon, to 
67,000 miles per hour, at midnight. The force of rotation may be 
readily compared with that of gravity by observing the effects produced 
by each in twenty-four hours, the interval that elapses between two suc- 
cessive returns of any point to the same relative position with the sun. 
The force of rotation producing a daily motion of 24,895 miles, and the 
force of terrestrial gravity a motion of 22,738,900 miles, the ratio of the 
former to the latter is 7]^V(Anr> ^^ '00109. This ratio represents the 
proportionate elevation or depression of the barometer above or below its 
mean height that should be caused by the earth's rotation, and it corres- 
ponds very nearly with the actual disturbance at stations near the equator. 

From Oh. to 6h. the air has a forward motion greater than' that of the 

earth, so that it tends to fiy away ; its pressure is therefore diminished, 

and the mercury falls. From 6h. to 12h. the earth's motion is greatest; 

it therefore presses against the lagging air, and the barometer rises. 

From 12h. to 18h. the earth moves away from the air, and the barometer 

falls; while from 18h. to 24h. the increasing velocity of the air urges it 

against the earth, and the barometer rises. 

' From the Proceedings of the American Philosophical Society. 

Am. Joub. Sox.— Second Sebdes, Vol. XXXVII, No. 111.— May, 1861 
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V the force of rotation at each instant be resolved into two compo- 
nents, one in the direction of the radius vector, and the other parallel to 
the earth's orbit, it will be readily perceived that whenever the latter 
tends to increase the aerial pressure, the former tends to diminish it« and 
Tice versa. Let B-athe height of the barometer at any given instant; 
Xasthe mean height at the place of observation; ^90^a->«the hour 
angle; Coithe earth's circumference at the equator; <>>>«24 hours; 
^».the terrestrial gravity; /—the latitude: and a simple integration 

gives the theoretical formula, B=:Ml 1 -| ^~ . "j )•* 

This formula gives a maximum height at 9h. and 21h. and a minimum 
at dh. and 15h. The St. Helena observations place the maximum at 
idh. and 22h. and the minimum at 4h. and 16h. : an hour later in each 
instance than the theoretical time. This is the precise amount of retard- 
ation caused by the inertia of the mercury, as indicated by the compari- 
sons with the water barometer of the Royal Society of London. 

Aerial currents, variations of temperature, moisture, and centrifugal 
force, solar and lunar attraction, the obliquity of the ecliptic, and various 
other disturbing causes, produce, as might be naturally expected, great 
diflferences between the results of theory and observation. But by taking 
the grand mean of a series of observations, sufBciently extended to bal- 
ance and eliminate the principal opposing inequalities, the two results 
present a wonderful coincidence. 

According to our formula, the diflferences of altitude at 1,2, and 3 
hours from the mean, should be in the respective ratios of '5, *S66, and 
1. The actual diflferences, according to the mean of the St. Helena oh- 
servations, are as follows : 



Differences of Baroaicler. 


Ratios. 


Diff. of time, 


Ih. 


2h. 


8h. 


Ih. 


2h. 


Sb. 


Before lb, 


•0166 


•0298 


•0366 


•465 


•816 




After *' 


•0169 


•0266 


•0298 


•634 


•898 




Before 7b. 


•0122 


•0202 


•0248 


•602 


•881 




After ** 


•0135 


•0239 


.0297 


•465 


•805 




Before ISh. 


•0186 


•0248 


•0284 


•479 


•878 




After '* 


•0131 


•0216 


•0227 


•677 


•947 




Before 19h. 


•0161 


•0287 


•0348 


•468 


•825 




After *• 


•0160 


•0266 


•0286 


•624 


•927 




Mean 


•0145 


•0262 


•0298 


•495 


•860 





The moan of the above diflferences varies from the theoretical m^-an 

less than ^xArxr ^^ ^^ mch. If we take the mean of the ratios, instead of 

the ratios of the means of the observed diflferences, the coincidence is 

still more striking. 

Difiference of Time, lb. 2h. 8h. 

Means of Observed ratios, -498625 •864625 1^000000 

Theoretical Means, -500000 -866025 1^000000 

* —^ represents the effective ratio of an entire day. But there is in each daj a 
half day of acceleration, and a half day of retardation, and the ratio for each half 
dayis-^Y = ^. 
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The calculated time for the above observed means differs less than 2(y' 
from the actual time. 



Observed Means, 
Theoret. Diff. of Time, 
Observed '* 



<( 



it 



498625 
69' 48'' 
60' 0" 



-864626 
119' 40" 
120^ 0" 



1-000000 
180' 
180' 



The varying centrifugal force to which the earth is subjected by the 
ellipticity of its orbit, must, in like manner, produce annual tides. The 
disturbing elements render it impossible to determine the average monthly 
height of the barometer, with any degree of accuracy, from any observa- 
tions that have hitherto been made. We may, however, make an inter* 
esting approximation to the annual range, still using the St Helena rec- 
ords, which are the most complete that have yet been published for any 
station near the equator. Comparing the mean daily range, as determined 
by the average of the observations at each hour, with the mean yearly 
range, as determined by the monthly averages, we obtain the following 
results : 

Daily Annual Approximate 

rango. rango. Eatio. Solar distance. 

•0672 in. "166010. «-4668 187,070,000 m. 

H)646 « '1214 « 1-8798 80,800,000 ** 

H)610 " -1214 " 1-8120 74,660,000 " 



Year. 
1844 
1846 
1846 



Mean 



8)-1988 

•0663 

2)1826 

'0663 



e)-4078 

'1869 
'1290 

2)-2649 

'1824 



8)61466 

2-0489 
1-9467 

2)3-9946 

1*9978 



96,446,000 « 
86/)66,000 " 



90,702,000 



The approximate estimates of the solar distance are based on the fol- 
lowing hypothesis : 

Let e«> effective ratio of daily rotation to gravity. 

a— arc described by forc^of rotation in a given time t, 

r a* radius of relative sphere of attraction, or distance through 

which a body would fall by gravity, during the dbturbance 

of its equilibrium by rotation. 

Aa*area described by radius vector in time t. 

Let e', a\ r', a', represent corresponding elements of the annual revo- 
lution. Then, 

A : a' : : ar : a' r' : : f * : e'* 

But the forces of rotation and revolution are so connected, that a 
differs but slightly from a^ 



# • 



r'= 



g_ y V very nearly. 



It may be interesting to observe how nearly r (22,788,900 m.) corres- 
ponds with Eirkwood's value of —(24,932,000 m.). A more thorough 

comprehension of all the vaVious effects of gravity and rotation on the 
atmosphere, would probably lead to modifications of our formula that 
would show a still closer correspondence. 
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There is » great discrepancy between the determinations of the solar 
distance that are based on the records of 1844 and 1846; but it is no 
greater than we might reasonably have anticipated. On the other hand, 
it could hardly have been expected that any comparisons based on the 
observations of so short a period as three years, would have furnished so 
near an approximation to the most recent and most accurate determina- 
tion of the earth's mean radius vector. In order to obtain that approxi- 
mation, it will be seen that I took, 1st, the mean of the ranges and ratios 
for the three successive years ; 2d, the ranges and ratios of the mean re- 
sults of the three years; dd, the grand mean of these two primary 
means. I couid think of no other method which would be so likely to 
destroy the eflfects of changing seasons, and other accidental disturbances. 

The following table exhibits the effects of latitude on the aerobano 
tides* The differences between the theoretical and observed ranges may 
be owing partly to the equatorial-polar currents, and partly to insufiGioient 
observations. 

Station. Lat Mean height Mean range. Ratio. Theoret ratio. 

Arctic Ocean, 78^37' 29 789 in. -012 in. •000404 -000627 

Oirard CoUfige, 89 58 29 938 *060 '002004 -002046 

Washington, 88 63 80-020 -062 -002061^ -002079 

St Helena, 16 67 28*282 '066 •002844 -00^667 

Equator, 80*709 -082 -002670 -002670 

The theoretical ratios are distermined by multiplying the equatorial 
ratios by -p-. The formula, p-wc— - .-Tj, {g indicating the, ratio of 
the mean range to the mean height,) gives : 

Theoretieal Ratio. Ohaerved Ratio. 

Latitude, O^* -002190 -002670 

78 37' -000482 -000404 

showing that the ratio is less near the pole and greater near the equstor 
than our theory indicates, a natural consequence of the centrifugal foive 
at the equator and the cold surface currents that produce the trade winds. 

The revolution of the sun around the great Central Sun must also 
cause barometric fluctuations that may possibly be measured by delicate 
instruments and long and patient observation. The Toricellian column 
may thus become a valuable auxiliary in verifying or rectifying our esti- 
mates of the distances and masses of the principal heavenly bodies. 

5. On the equivalent of tungsten, — Persoz has published an extended 
memoir on tungsten and its compounds, and has arrived at conclusions 
which differ very widely from those received by chemists. These condth 
sions, in the author*s own words, are as follows : 

(1.) Tungsten, according to the constitution and properties of its 
oxyds, belongs to the group of biatomic (sic) radicals, arsenic^ antimony, 
and phosphorus. 

(2.) Its equivalent (0=1 00) deduced from numerous experiments is 
1916. (Or 153-2 if 0=8.) 

(8.) Tungsten forms two compounds with oxygen : 
a. An oxyd WO 3, tungstic oxyd. 
6. An acid WO^, tungstic acid. 
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(4.) By their nnion these two compounds may produce a third oxyd 
(of the class of saline ozjds of Dumas) which corresponds to the formula 

W034.WO^=:2WO^. 

(5.) Tungstic acid is polj basic; its simple or double salts are repre- 
sented by the general formulas 

WOj.MO.HO+nAq 
WOg.MO,MO+»Aq. 

(6.) Tungstic acid may, like its congeners, phosphoric and antimonia 
acid», be physically modified by heat, so that its capacity of saturaUoa 
b reduced one haltl We may then say that it gives rise to a new acicU 
metatungstic acid, whose existence depends besides on well determined 
ooDditions. The formula of this acid is (WOJ^ or W^Ojo. 

(7.) The simple metatungstates are represented by the formula 

(W0,)2M0,H0+Aq. 
They easily form double salts by uniting, either with each other : 

(WOJ,MO.HO) , . 
"• (WOjjMO, HO [+**!• 

b. or with simple tutigstates, 

(WO.)-MO,HO) , 4 

Vot . MO; HO [ +M- 

The formulas comprise the paratungstates and certain acid tungstates. 

(8.) Sulphur, chlorine, and bromine combine with tungsten, producing 
compounds whfch correspond exactly to the oxyds and acids formed with 
oxygen. 

(0.) TungAten does not produce an oxychlorid any more than phos* 
phorus. The compounds which have been so designated are combina* 
tions in definite but variable proportions of anhydrous acid with the 
corresponding chlorid. — Ann» der Chimie et de Physique, Jan. 1 864, 93. 

w. G. 

6. On Mauve or Anilin purple, — Perkin has discovered in anilin 
purple a new organic base, to which he has ^ven the name Mauveine. 
The new base is a black glistening crystalline body not unlike pulverized 
specular iron ore. Mauveine dissolves in alcohol, giving a violet solution 
which assumes a purple color on the addition of acids. It is a very 
•table body and readily decomposes ammoniacal salts; when heated 
•trongly it yields a basic oil. The formula of mauveine is C^^H^^N^ ; 
it appeal's to be a tetrammine. When heated with anilin, mauveine yields 
a blue coloring matter now under investigation. The chlorhydrate of 
mauveine is formed by the direct combination of its elements, and is de- 
posited from a boiling alcoholic solution in small prisms possessing a 
brilliant green metallic lustre. Its formula is C^^H^^N^t HCl. This 
salt combmes with bichlorid of platinum to form a beautiful crystalline 
compound, the formula of which is Cj^Hj^N^.HCl-f-PtClj. The au- 
thor describes several other crystalline salts, which serve to prove the 
correctness of the formula adopted. — Procofthe Royal Society, zii, 713. 

w. o. 
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7. On Crystals in Blowpipe Beads ; by George H. Emsiusok. — Obser- 
▼ations which I have made during the past year on the opacity produced 
by *^ flaming" in beads of borax, or microcosniic salt, when charged with 
certain substances, have established the fact that this opacity is due to 
the presence of crystals of a definite form, which varies with the sub- 
stance employed ; and, also, that the same substance, in some cases, gives 
a different crystalline form with the different fluxes. The crystals are 
generally so minute as to require a good hand-lens, or even a compound 
microscope, to examine them advantageously ; and, in order to facilitate 
microscopic examination, the loop of platinum wire should be at least a 
t«Dth of an inch in diameter, and quite circular, and the bead very slightly 
convex. 

A little practice will enable the operator to regulate the density of the 
opacity — a very thin film, or cloud, extending partially over the surface 
of the bead, being all that is desirable. I have found it convenient to 
use a small, fine-pointed flame, briefly exposing a portion of the glass to 
the reheating, or " flaming," process. 

Examination of the precipitates — if I may so term the slight films 
thus obtained on, or near, the surface of the glass — has disclosed crystals 
varying in form and other characters according to the substance treated ; 
but, so far as my observations have extended, the characteristics of any 
given substance are constant, the same flux being employed, and they 
are generally suflSiciently well marked to serve as reaction for the sub- 
stance in question. 

I have, thus far, obtained crystals with baryta^ strontia^lime^magnesioy 
alumina^ glucina^ zirconia^ zinc, cadmium, bismuth, silver, tin, tunystic 
acid, molybdic acid, protoxyd of cerium, selenium and tellurium. 

With copper and uranium I have noticed what seems to be a crystal- 
line precipitate ; and the titanic and niobic acid precipitates possess dis- 
tinct characters, although they do not appear to be crystalline. 

While pursuing this investigation, I have been led to notice that the 
small fine-pointed flame I have referred to, when acting momentarily on 
a small part only of the bead, possesses a very powerful reducing influ- 
ence, if the inner flame alone be allowed to affect the glass. In this way 
I have obtained a gray, metallic precipitate on the reheated portion of the 
surface of a borax bead, colored dark blue with oxyd of cobalt ; and, 
similarly treated, there is a metallic precipitate with molybdic acid. In 
this connection it should be undei-stood, that charcoal is not employed, 
but the substance is simply fused with borax, in the outer flame, on plati- 
num wire, the glass allowed to cool, and then treated as just described, 
without being removed from the wire. 

Most of the substances enumerated give characters easily recognized 
when magnified forty or fifty diameters, and sometimes even with the 
naked eye ; but it is occasionally necessary to employ a magnifying power 
of one hundred and fifty diameters, or even more — to clearly distinguish 
the titanic from the niobic acid precipitate, for example. With the aid 
of the microscope, the precipitate will frequently indicate with consider- 
able certainty the presence of two substances, so that they may both be 
recognized, as may be seen in beads charged with mixtures of tungstic 
and titanic, and tungstic and niobic acids. 
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• I would refer those who may desire a more extended account of this 
method of blowpipe analysis, including particular descriptions of all, and 
engravings of some, of the precipitates obsenred, to a paper entitled 
^ Observations on Crystals and Precipitates in Blowpipe Beads," to appear 
in the forthcoming " Memoirs" of the " Boston Society of Natural History." 
Cambridge, February, 1864. 

7. Elements of Chemistry : Theoretical and Practical ; by William 
Allen Miller, M.D., L.L.D., Professor of Chemistry in King's College, 
London, <fec., <fec. Chemical Physics, Part II : Electricity and Magnet* 
ism. From the third London edition. New York : John Wiley, 635 
Broadway, 1864. pp. 190, 8vo. — In furnishing a handsome reprint of 
the third edition of this valuable handbook, Mr. Wiley confers a great 
favor upon the American public which we trust will be suitably appre- 
ciated. Prof. Miller's work is beyond all comparison the best in the 
English language, and, we may add, the best in any language, for the 
general purposes of the higher student of chemical philosophy. 

The reprint is begun with pari third of vol. I. to accommodate the 
West Point Academy. The other parts of this volume may be expected 
shortly, and the other (as yet unfinished) volumes will be issued soon 
after their completion. 8. w. J. 

II. MINERALOGY AND GEOLOGY* 

' 1. Volcano of Kilauea, Hawaii, — I. From a letter to Prof. Ltmav, 
from Rev. T. Co an, dated Oct 6, 1863. — Eilauea has been quite active 
during most of the summer. Several new cones have been thrown up^ from 
which steam and boiling lava have issued with violent hii»ings and deto- 
nations. The lavas have burst up at several points, and the great molten 
lake has risen and thrown its fiery jets far over its rim, sometimes shoot* 
ing them upward 40 to 100 feet. The upward pressure of the lava has 
opened seams in some parts of the crater, from which it has flowed out 
and covered extended areas. The rim of the cauldron has also been rent 
on its lower side, and floods of molten rock have there been disgorged. 

The whole circumference of the crater under its surrounding walls has 
been submerged beneath molten lava, and some portions of it several 
times. By this circumference, or outer belt, I mean the limits of the so- 
called ** Black Ledge." Of course, there is no Black Ledge there now, it 
having been overflowed and obliterated more than 10 years ago. All 
the northern portion of the crater, in the region where the foot-path de- 
scending from the huts terminates upon the black ^^pahoehoe," or solid 
lava of the interior, has been raised 70 to 100 feet by successive flood- 
ings from other portions of the crater, especially from the regions near 
^ Halemaumau," or the great lake of lava. 

At times it has been reported by visitors to be impossible to descend 
and reach, by the usual path, the floor of the crater, on account of the 
sea of fire at its terminus. Immense floods of lava have been deposited 
and cooled all along the high bluff off toward Eau, and several lakes 
have opened at times in that locality. I think your last measurement of 
that wall made it about 700 feet ; probably it is not more than 600 
feet now. 
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The central area remaiDS undisturbed, except that it is greatly eleTated 
by the lifting forces beneath. It is quite a distinct table-land, probably 
600 to 600 feet higher than it was just after the great tapping process of 
1840. 

Matina Loa is quiet, and we have no symptoms of disturbance except 
at Eilauea. We are looking for some grand demonstration in the latter : 
— the time we do not predict 

[In order to make the preceding account, and also the followingi intel- 
ligible to readers that are not familiar with the crater of KilaUea, we add 
a few explanations, although but a repetition of what has appeared in 
this Journal. The operations described above are confined to the bottom 
of the great pit-crater, called Eilauea, or Lua Fele. The pit is sur- 
rounded through the greater part of its circuit by nearly vertical walls 
of solid lava, looking like stratified rocks in the distance, and having 
now, as stated by Mr. Coan^ a height on the west side of only about 600 
feet. In the southwest part of the solid lava plain which constitutes the 
bottom of the crater, there is the great lake of lava, called ** Halemaa- 
mau," forming the center generally of a low cone. The usual path for 
descending into the crater of Kilauea is in the northeast corner. After 
the eruption of 1840, the central portions of the pit, having an area one- 
third of the whole, sank 900 to 400 feet below the circumferential por- 
tion, so that the crater over this part was 1000 feet deep. The circum- 
ferential portion, forming a border-plain or terrace around the lower pit, 
is the part called the ** black ledge." Within ten years after 1840, the 
lower pit had become filled up through the overflowings of lava over its 
bottom, so that the limits of the ^* black ledge" were already mosUy ob* 
literated. No great eruption has since taken place.-^j. d. dJ 

U. From a letter from Rev. O. H. Gulick, Missionary of the American 
Board, residing at Kau, on the Island of Hawaii, dated Eau, July 2dth, 
1863, cited from the Evangelist — We found the crater very active. 
About a thousand acres — or say one-sixth of the area of the bed of the 
crater-^bas been covered with late eruptions of pakoehoe (smooth lavs) 
which have taken place within six or eight weeks. These eruptions hare 
occurred on the north side of the crater, perhaps two or three miles from 
the great lake. This late eruption is still warm, and in some places hot, 
with fire glowing in the deeper cracks. That part of the bed of the cra- 
ter upoQ which we first tread on completing the descent from the house, 
was fresh and still warm to the feet, though perhaps six weeks old. 

Crossing this late flow, which in this spot was but thirty or forty rods 
in width, we proceeded directly to the great lake, three miles distant, in 
the south side of the crater. The lake, which is continually varying in 
size and form, we found to be perhaps four hundred and fifty feet in 
diameter, and twenty feet below the surrounding bank, and exceedinglj 
active. 

I have visited the crater but once before this, and that was in 1846 
or 1847. The lake was then elevated above the general floor of the 
crater, and appeared to be enclosed by a stone wall. While we were ap- 
proaching it, the surging lava broke through the stone wall and ran out 
toward us, and we were able to approach the flow and take out speci- 
mens on the ends of our long walking-sticks. Thii time we saw the 
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lake as travellers have spoken of it for years past It is not often, how- 
ever, I think, that it has been found more active. Different caverns at 
the side of the lake were continually spouting forth their fiery foam, 
while waves of liquid fire occasionally broke upon the rocky banks like 
a returning tidal wave upon old Ocean's shore. At intervals, sometimes 
of a few seconds, and at other times of half a minute, a large fountain 
broke forth in the middle of the lake and threw up its rounded crest of 
red lava ten or twelve feet, while smaller masses of lava and spray were 
thrown up twenty or thirty feet. The whole lake, except in the spot of 
active ebullition, was covered with a tough crust or scum of a pale leaden 
color^ resembling the skin that forms on the surface of a pot of liquid 
lead or iron. This crust was in continual motion, being drawn in from 
dififerent directions towards the centres of ebullition ; as it entered the 
foaming mass, or the fiery fountains, it was at once consumed and re- 
solved into molten lava. Ever-changing scenes of fire were visible in the 
different portions of this crust, which floated like thin cream on the sur- 
face. Small stones thrown in sank partially through this skin as if into 
mud. The appearance of the fiery fountains throwing up their lurid 
wave eight, ten, or twelve feet, and sending their spray to a height far 
above^ was awfully and indescribably grand. 

The scene was ever changing ; first the greatest display of fireworks, 
fountains spraying and jetting, would be in one quarter of the lake ; then 
in another ; then in three, four, or five difierent points, all at once. At 
irregular intervals of a minute or two, a small cone of twelve or fifteen 
feet in height, and removed some forty feet from the lake, uttei-s the most 
unearthly roaring and snorting, as if from ten thousand demons confined 
below. These sounds, as well as the jettings and spoutings, seemed to 
be caused by the escaping of steam and gases from below. 

We wandered about for an hour and a half and then returned to our 
lodgings — four miles distant, on the brink of the vast crater. 

At ten o'clock at night we were called from our slumbers by the shout 
of a fellow-traveller. Springing to the door we beheld a new eruption 
that had that moment burst forth on the ground of the late flows in that 
part of the floor of the crater which we struck on our first descent into 
the crater, and nearly two and a-half miles from the great lake. This 
eruption played for hours like a fountain, fully thirty feet high. We saw 
the streams of fire, fed by the fountain, coursing down many rods from 
their source. The next morning it had subsided. A few acres covered 
by the glistening lava was all that the morning showed of that night's 
work of Modern Pele. 

Such a sight travellers to Kilauea are permitted to behold. Tlie volcano 
is more active than it has been for years. There are occasional slight 
earthquakes throughout Hawaii. 

2. On Glacial Phenomena in Nova Scotia ; by B. Silliman, Jr. 
n?rom a Report on the Gold property of the New York and Nova Scotia 
Gold Mining Company. 56 pp., 8vo, 1864.) — The most striking physical 
feature of this whole region, to the eye of a geologist, next perhaps to 
the uptilted state of the slaty rocks, is the universal evidence of a high 
degree of glacial action, which has so worn down and polished the rocks 
that their edges everywhere resemble the leaves of a book which has 
Am. Jour. Sol— ^boond Sbbiss, Vol. XXX VII, No. lit— Mat, 1861 

54 
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been ent with a dull knife in the binder's press, in a direction at right 
angles to that of the leaves. 

Over very considerable areas, the glacial scouring has been so thorough 
that nothing whatever is left on we rocks but the grooves and striae 
which accompany their polish. In other cases, the glacial drift is seen, 
composed of angular, rarely rounded, fragments of quartzite and clay 
slate, imbedded in a tough day, resting on the surface of the polished 
rocks. This detrital matter is auriferous, but the large amount of coarse, 
angular fragments of rocks would render it very difScult to wash, even 
when it occurs in situations where water could be conveniently obtained 
for sluicing. The gold which it contains is coarse and angular, often still 
attached to the quartz, and showing but little evidence of long trans- 
portation. The ^*' Boulder Lot," at Sherbrooke, has yielded a consider- 
able amount of gold from this glacial drift, and is rewardinc^ its owners 
handsomely. Probably too little attention has been given in the Province 
to this source of gold. The quartz veins alone having been the chief 
object of attention. 

Everywhere over this whole district the eye of the observer is constantly 
arrested by the long lines of granitic and quartzitic boulders, which have 
been left in trains by the ancient glaciers upon the surface of the pol- 
ished rocks. These at times recall strongly the moraines of the Swiss 
glaciers, and rival them in the magnitude of the travelled blocks. Some 
of the most striking cases of this sort which I saw were in the vicinity 
of Musquodobic Harbor, also on the flanks of the Musquodobit Moun- 
tains, and on the elevated plateau between Jeddore Bay and Ship Harbor, 
known as the Barrens. Here the boulders of white quartz are also very 
abundant. Some very conspicuous blocks of a like character occur also 
on the hills north of Oldham, in the vicinity of Gay's River. 

The general course of the strike of the rocks is east and west. Be- 
tween Hammond Plains and Tangier, for a distance of nearly 100 miles, 
this east and west course is so marked that it may be considered univer- 
sal. This course is not usually over 5^ or 6^ away from the magnetic 
meridian, and is usually south by that quantity. But to the east and 
west of the points named, the strata bend round to the sea, so that the 
whole system assumes very much the form of a long bow, whose chord 
or string is the coast line, the strata at each end losing themselves io the 
ocean. 

Consequently, for a great part of the whole coast, the glacial scratches, 
or the course of the glacial drift, has been almost at right angles to the 
strike of the rocks. A most conspicuous example of this may be seen at 
the Round Tower, near Halifax, where a large surface of the harder slates 
is completely denuded, and shows splendidly the whole phenomena of gla- 
cial action. These facts bear in a most important manner, it will be seen, 
upon the occurrence of the gold. They account in fact, for the general 
absence of alluvial gold. 

If we consider for a moment the physical and geological features just 
described, it at once becomes evident that the great mass of loose mate- 
rials which came from the scouring off of the country by glacial action, 
has gone into the Atlantic Ocean, where the gold is safely deposited. 
Sable bland* vhich, by McEinley's map, is distant about 100 milea from 
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tbe shore, is a sand spit, 30 miles long by about half a mile wide, 
shaped like a bow, and consists entirely of an accumulation of loose whit4 
sands. Mr. Campbell, the Provincial Geologist, informs me that he 
washed gold from these sands in 1857, and that it was in very small, 
highly polished scales, like the fine gold of California. That it came 
with the sands which proceeded from the scouring off of Nova Scotia, 
no geologist can doubt for a moment It follows from this view of the 
case, that the occurrence of extensive " diggings " in Nova Scotia is a 
thing not to be expected. No long Sacramento Valley has retained hero 
the spoils of the glacial epoch ; and this fact appears to have been prac- 
tically recognized from the outset, as comparatively few efforts have been 
made to obtain gold from any source but from the quartz veins. 

The success following the washing of the sands near Lunenburg was, 
however, encouraging, and there are doubtless places of conuderable ex* 
tent in the numerous harbors and bays of the coast, where auriferous 
sands exist in remunerative abundance. The bottoms of some lakes, 
which can be drained, will probably furnish considerable deposits of allu- 
vial gold ; and the same is true, no doubt, of certain river estuaries and 
marsh lands which have hitherto attracted too little attention ; such, 
probably, are the flats bordering on Chedabucto Bay. 

3. Synopsis of the Flora of the Carboniferous Period in Nova Scotia ; 
by J. W. Dawson, LL. D., F.R.S., F.G.S., <fcc., Principal of McGill College. 
(Condensed from the Canadian Naturalist.) — ^The following list includes 
the plants in the collection of the writer, and in collections submitted to 
him by several geological friends; as well as those previously catalogued 
by Mr. Bunbury, in Sir Charles LyelPs Travels, and in the Journal of the 
Geological Society, and by Mr. R. Brown and the author, in the list ap- 
pended to " Acadian Geology." 

The present synopsis was prepared not so much for immediate publica- 
tion, as in aid of the writer^s investi&^ations of the characteristic plants in 
the numerous coal beds at the SouUi Joggins, and of the conditions of 
formation of those beds ; but as some time may elapse before the publi- 
cation of these researches, and the want of a list of the known species is 
much felt by those engaged in the study of the Carboniferous rocks, it has 
been thought advisable to print it in the present form. 

The new species have been described in the Canadian Naturalist and 
Geologist^ tor Dec. 1863, with mention of their collectors and localities. 
Tbe part of the Carboniferous system in which the species occur has, how- 
ever, been stated ; and as some confusion has lately arisen from the use of 
the term ** ^ul>carboniferous," by authors, it is proper to state that the 
name ^^ Lower coal formation^ in this paper is equivalent to **Subcarbon- 
iferous^' of Dana ; that '^ Middle coal formatiorC^ denotes that part of the 
system over the Marine Limestones and holding the principal coal beds; 
and that '^ Upper coal formatiorC^ is applied to the newer part of the 
system over the productive coal measures.^ These three members are, to 
a certain extent, distinct in their flora. Any minor differences which 
exist, in subordination to these main divisions, will be fully detailed in 
the memoir on the coal beds of the Joggins already referred to. 

' These groups are indicated in the following pages by the initials L. C, M. 0.* 
U.C. 
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I have included in the list such plants from New Branawick as are 
known to me. Those from Grand Lake in that Province are I believe on 
the horizon of the Middle coal formation, though tending to the Upper. 
A collection formed by Sir W. K Logan at Baie de Cbaleur, in beds of 
the Lower and probably Middle coal formation, includes also some species 
which in Nova Scotia are more characteristic of the Upper coal formation. 
This apparent mixture of plants of different horizons, may be a conse- 
quence of the comparatively small thickness of the New Branswidc coal 
formation. 

In the present unsettled state of the species of coal plants, it k with 
much diffidence that I venture to publish this list, which will witliout 
doubt admit of many corrections and improvements, even in the memoir 
on the formation of the Nova Scotia coals, with vhich I propose to fol- 
low it I have, however, endeavored to avoid adding to the load of syn- 
onyms, and have in all doubtful cases leaned to the side of identity with 
known species rather than to that of giving new names. I may add, that 
the increase of my collection has enabled me to reunite many specimens 
which I had regarded as representatives of distinct species^ But for the 
large number of specimens which I have been enabled to examine, I 
should certainly in the case of several variable species, as for example 
Alethopteris lonchitica and Lepidodendron cormgatum^ have erred in this 
way. I am constantly more and more convinced that no satisfactory 
progress can be made in fossil botany without studying the plants as they 
occur in the beds in which they are found, or in large numbers of speci- 
mens collected from those beds, so as to ascertain the relation of their 
parts to each other. 

Dadoxylon, Unger. — Large quantities of drifted coniferous trunks are 
found in the sandstones of the coal formation in Nova Scotia ; but, after 
slicing more than one hundred specimens, the following are the only 
species I can distinguish. It is to bo observed, however, that the differ- 
ent states of preservation of these trunks render their study and compar«- 
ison very difficult. 

Species, — Dadoxylon Acadianum, ». n., M. C; D. materiarium, s,n^ 
M. and U. C. ; D. antiquus, 8. n., L. C. ; D. annulatum, ». n., M. C. 

Araucaritks, Unger. — Species, — Araucarites gracilis, ». n., U. C. 

SiGiLLARiA, lirongt. — Under this name I include four subgenera, viz,, 
(1 .) Favularia of Sternberg, of which S, elegans is the type ; (2.) Rhy* 
iidolepis of Sternberg, of which S, scutellatah the type; (3.) Sigillaria 
proper, of which S, reniformia is the type ; (4.) Clathraria Brongt, of 
which S. Menardi is the type. 

To these may perhaps be added Asolanus of Wood {Proc, Pkilad, Ae, 
Sci,), though roost of the specimens of Sigillaria destitute of ribs are 
only portions of old trunks of the ribbed species. With these sub-genera 
I would place Syringodendron and Calamodendron as members of the 
gymnospermous family SigillariacecB, Stigmaria may be retained as a 
provisional genus, to include roots not connected with the trunks. 

Species. — Sigillaria (Favularia) elegans BrongL\, M. C. ; S. (Fav.) tes- 
sellata Brongi.^ M. C. ; S. (Rhytidolepis) scuteilata Brongt., M. and U.C; 
S. (Rh.) Schlotheimiana BrongL, M. C; S. (Rh,) Saullii Brongt^ M. C; 
S. Brownii Dawson {Jour. Geol. Soc., x.), M. C; S. reniformis Brongt^ 
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M. C. ; 6. levigata Brongt.^ M. C. ; S. planicosU, «. n., M. G. ; S. catenoides, 

*. n., M. C. ; S. striata, ». n., M. C. ; S. , M. C, a small erect stem, 

somewhat like S,flexuo9a\ 6. (CiathrHria) Menardi Brongt.^ U. 0. and 
M. C. ; S. (Asolanus) Sjdnensie, a, n., M. 0. ; S. organura L, <k ZT., M. C. ; 
S. elongata BrongL, M« 0. ; 6. ftexuosa L, dk ZT., M. 0. ; S. pachyderma 
Jj. d: j&T., M. 0. ; 6. (Fav.) Bretonensis, «. n., M. 0. ; S. eminens, s, n., 
M. C. ; 6. Dournaisii BrongL, M. 0. ; S. Enorrii Brongt^ M. 0. 

Strinoodendron, Brongt — Obscure specimens, referable to a narrow- 
ribbed ^>eeie6 of this genus, occur in the Lower Carboniferous beds at 
Horton and Onslow. 

Stiomaria, Brongt. — Under this name I place all the roots of SigiUa" 
ria occurring in the Carboniferous rocks of Nova Scotia. Thej belong, 
without doubt, to the different species of sigillaroid trees, but it is at pres- 
ent ifopossible to determine to which ; and the specific characters of the 
StigmarisB themselves are, as might be anticipated, evanescent and nnsat- 
isfactory. 

Species, — Stigmaria ficoides Brongt. 

Calamodbndron, Brougt. — This genus is evidently quite distinct from 
Caiamites proper. The calamite-like cast is a pith or internal cavity, sur* 
rounded by a thick cylinder of woody tissue consisting of scalariform 
vessels and woo<iy fibres with one row of round pores ; external to this is 
a bark of cellular and bast tissue. The structure appears to be allied to 
that of Sigiilaria^ and is one of the most common in the beds of bitu- 
minous coal. 

Species. — Calamodendron approximatum Brongt., M. C. ; C. obscurum, 
«. n., M. C. 

Otperitxs, L. h H*-*-These elongate linear leaves have two or three 
ribs and the central band between the ribs raised above the margin ; one 
species has been seen attached to Sigillaria Schotkeimiana. 

The leaves of Sigillaria elegans are different, being as broad as the 
areoles of the stem and with several parallel veins. 

Antiiolithbs, Brongt. — I include under this name spikes of inflores- 
cence, or of fruits, usually showing buds or scaly floral leaves, and some- 
times ovate fruits, which may be young Rhahdocarpi or Trigonocarpi, I 
have not seen them attached to sterna ; but their associations would lead 
me to suppose that they may have belonged to Sigillaria or Calamoden- 
dron. Stems of Sigillaria of the groups Rhytidolepis and Favularia 
have rings of abnormal Fcars at intervals, which may have borne such 
spikes of fruit No such marks are seen on the stems of other subgenera 
of Sigillaria, which probably bore fruit at their summits. 

Species. — Antholilhes rhabdocarpi, s. n., M. C. ; A. pygm»a, s. »., M. 
C. ; A. squamosa, s. n., U. C. ; A. , s. n., M. C, indistinct, but ap- 
parently different from those above described. 

Trioonocarpum, Brongt. — Species. — Trigonocarpum Hookeri Dawson 
(Jour. Oeol. Soc., vol. xvii), M. C; T. Sigillarise, s. n., M. C; T. inter- 
medium, s. n., M. C; T. avellanum, *. «., M. C; T. minus, s. n., M. C; 
T. rotundum, s. n., M. C; T. Noeggerathi Brongt., U. C. 

The Trigonocarpa are very abundant in some beds of the Middle coal 
formation. Most of them are fruits of Sigillaria, some of them perhaps of 
Conifers. 
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Rrabdooarpus, Gdp. <k Berg. — Species. — Rhabdocarpus ^ 9. ft., 

M. C. ; R. insiffDis, s. n., U. 0. 

Calamitea, Suckow. — Species. — Calamites Sockowii Brongt.^ M. C. and 
U. C. This species is one of the most common in an erect position. It 
has verticillate branchlets with pinnate linear leaflets. C. Cistii Brongt^ 
M. C. Often found erect Its leaves are verticillate, simple, linear, stri- 
ate, apparently one-nerved and 3 inches long. 0. cannieforrais BrongL^ 
M. 0. ; 0. ramosus Artis, M. 0. ; 0. Voltzii Bnmgt.^ — (irregularis L. ik 
JJ.), M. C. Often erect Has large adventitious roots. 0. dubiua Ariis^ 
U. C. and M. 0. ; C. Nova Scotica, s. n., M. 0. ; C. nodosus Schlot., M. C. ; 
C. arenaceus ? Jager^ M. C. 

Equisktitbs, Sternberg. — Species. — Equisetites curta, s, n., M. 0. Short 
thick stems, enlarging upward and truncate above, joints numerous, 
sheaths as long as the joints, with unequal acuminate keeled points. 
Lateral branches or fruit with longer leaf-like points. Has the characters 
of EquisetiteSy but its affinities are quite uncertain. 

AsTSROPHYLLiTBS, Brongt — Species. — Asterophjllites foliosa L. d: jET., 
M. 0. ; A. equisetiformis, L, dk ff., M. 0. ; A. grandis Sternberg, M. 0. ; 
A. tuberculata! Sternberg, M. C; A. trinervis, s.n., M* C. 

Annularia, Sternberg. — Species. — Annularia galioides Zenker, U. 0. 
and M. 0. 

Sphsnopbtllum, Brongt — Species. — Sphenophyllum emarginatum 
Brongt,, M. C. ; S. longifolium Germar,, M. 0. and U. 0. ; S. saxifragifo- 
lium Sternberg, M. 0. ; S. Schlotheimii Brongt., M. C. ; S. erosum L. Jt 
JS., M. 0. 

The last two species are regarded by Geinitz as varieties of S. emar- 
ginatum, A specimen of the last named species in Sir William Logan's 
collection shows a woody jointed stem like that of Asterophyllites, giving 
off branches at the joints. These again branch and bear whorls of leaves. 
The stem shows under the microscope a single bundle of reticulated or 
scalariform vessels like those of some ferns, and also like those of Tmesip- 
teris as figured by Brongniart This settles the affinities of these plants, 
as being with ferns or with LycopodiacecB. 

FiNNULARiA, L. <k H. — Species. — Pinnularia capillacea, L. <k H,, M.C.; 
P. ramosissima, s, n., M. C. ; P. crassa, s, n., L. 0. 

All these are apparently branching fibrous stems or roots, of soft cellu- 
lar tissue with a thin outer bark. Perhaps they are roots of AsterophyU 
lites, or perhaps branchlets of an aquatic plant 

NoEGGKRATHiA, Sternberg. — Species. — Noeggerathia ? ». n. 

Bay de Chaleur, Sir W. E. Logan. A remarkable fragment of a leaf, with 
a petiole nearly three inches long, and a fourth of an inch wide, spread- 
ing abruptly into a lamina, one side of which is much broader than the 
other, and with parallel veins running up directly from the margin as from 
a marginal rib. It appears to be doubled in at both edges, and is ab- 
ruptly broken off. It seems to be a new species, but of what affinities it 
is impossible to decide. N. fiabellata L, <k H,, M. C. 

Cycloptkris, Brongt. — Including Cyclopteris proper and sub-genera 
Aneimites, Dn. and Nepkropteris^ Brongt. 

Species. — Cyclopteris heterophylla Ooppert^ M. C. and U. 0. ; C. (Ane- 
imites) Acadica Dawson (Jour. Geol. Soc,, vol. xvii,), L. 0. ; C. oblongi- 
fola Goppert, U. C. ; C. (Nephropteris) obliqua Brongt., M. 0. ; C. ( ? Neu- 
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ropteris) ingens L, d; J?*., M. 0. ; C. oblata L. d; IT., M. C. ; C. fimbriate 
Lsqx.^ M. C. ; 0. hispidn, s, n^ M. 0. 

Neuroptbris, BroDgt. — Species. — Neuropteris rarinervis Bunhury, M. 
C. ; N. perelegans, $. n., M. C. ; N.cordata Brongt, (and var. angustifolia\ 
M. C. and U. C; N. Voltzii Brongt.^ U. C. ; N. gigantea Stemb.^ M. C. 
and U. C. ; N. fiexuosa Stemb.^ M. C. ; N. heterophylla Brongt.^ M. C. 
and U. C. ; N. Loshii Brongt^ M. 0. ; N. acutifolia Brongt,^ M. G. ; N. 
conjugata Gbpt^ M. 0. ; N. attenuata L. <k ff., M. 0. ; N. dentata Lsqx.^ 
H. C. ; N. Soretii Brongt^ M. C. ; N. auricuiata Brongt, M. 0. ; N. cj- 
dopteroides, s. n., M. C. 

Odontopteris, Brongt — Species. — Odontopteris Schlotheiraii Brongt.^ 
M. C. and U. 0. ; O. antiqua, s. n., L. 0. ?, O. subcuneata Bunbury^ M. C. 

DicTTOPTERiB, Gutb. — Spccies. — Dictyopteris obliqua Bunhury, M. C. 

LoNCHOPTERis, Brongt. — Species. — Lonchopteris tenuis, s. n., M. C. 

Sphbnopteris, Brongt — Species. — Sphenopteris munda, s. n., M. C. ; 
8. hymenophjlloides Brongt, M. 0. and U. 0. ; S. latior, s. n., M. 0. and 
U. C. ; S. decipiens Lsqx., M. C. ; S. gracilis Brongt, M. C. ; S. artemisi- 
folia Brongt, M. 0. ; S. Canadensis, s. n., M. C. ; S. Lesquereuxii NeW' 
berrg^ M. C. ; S. microloba Guttbier, M. C. ; S. obtusiloba ? Brongt., M, 0. 

Phyllopterts, Brongt — Species. — Pbyllopteris antiqua, *. n., M. C. 

Albthoptbris, Sternberg. — Species. — Alethopteris lonchitica Stemb., 
M. C. and U. C. ; A. beterophylla L. <k H., L. C. ; A. grandini Brongt., 
M. C. ; A. nervosa Brongt., M. C. and U. C. ; A. muricata Brongt., M. C. 
and U. C. ; A. pteroides Brongt. (Brongnartii Obppert), L. 0. or M. 0. ; 
A. Serlii Brongt., M. C. ; A. grand is, s. n., M. 0. 

Pbcopteris, Brongt — Species. — Pecopteris arborescens Schlot, M. C. 
and U. C. ; P. abbreviata Brongt., M. C. and U. 0. ; P. rigida, s. n., U. C. ; 
P. unita Brongt., M. C. and U. C. ; P. plumosa Brongt, M. C. ; P. polj- 
morpba Brongt., M. C. ; P. acuta Brongt., M. C. ; P. longifolia Brongt.^ 
M. C. ; P. toeniopteroides Bunbury, M. C. ; P. Cy athea Brongt, M. C. ; 
P. sequalis Brongt, M. 0. ; P. Sillimani ? Brongt, M. C. ; P. villosa 
Brongt, M. C. ; P. Bucklandii Brongt., M. 0. ; P. oreopteroides Brongt^ 
M. C. ; P. decurrens Lsqx., M. C. ; P. Plunckenetii Stemb., M. C. 

Bbinsrtia, Goppert — Species. — Beinertia Gopperti, s. n., M. C. and 
U. C. 

HrMBNOPHrLLiTES, Gdppert — Species. — Hymenopbyllites pentadac- 
tjla, s. n., M. 0. 

PALiBOPTBRis, Gelnitz. — Species. — Palaeopteris Hartii, s. n., M. C. ; P. 
Acadica, s. n., U. 0. 

Caulopteris, L. <k H. — Several small erect stems at the Joggins seem 
to be trunks of ferns, but are too obscure for description. 

PsARONius, Ck>tta. — ^Trunks of this kind must be rare in the Nova 
Scotia coal fields. A few obscure stems surrounded by cord-like aerial 
roots have been found, and probably are remains of plants of this genus. 

Mbgaphtton, Artis. — Species. — ^Megaphyton magnificum, s. n,, M. 0. ; 
M. humile, s. n., M. 0. 

Lbpidodendron, Sternberg. — Species. — Lepidodendron corrugatum 
Dawson (Jour. Geol. Soc., vol. xv), L. C; L. Pictoense, s, n., M. C.; L. 
rimosum Sternberg, M. C. ; L. dichotomum Sternberg (L. Sternbergii L. 
4k H.), M. C. and L. C. ; L. decurtatum, s. n., M. C. ; L. undulatum Stem" 
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herg^ M. C. and U. C. ; L. dilfttatum L. d; H^ M. C; L. «, like 

tetragonuin GopL, L. C; L. binerve Bunbury^ M. C; L. tamidtrm Bun- 
bury y M. 0. ; L. firracile Bnmgt^ M. 0. ; L. elegans Brongt^ M. C. ; L. 
plumarium L, <k H,y M. G. ; L. selaginuides Sternh,^ M. O. ; L. Hareonrtii 
( Witham\ M. 0. ; L. clypeatum ? Laqx^^ M. C. and U. 0. ; h. aculeatam 
Sternberg^ M. 0. 

■ Halonia, L. ^ H. — A specimen probably referable to ibis genw 
from Grand Lake, in the colleotion of 0. F. Hartt. 

Lbpidostrobus, Drongt — Species. — Lepidostrobus variabtlis L. A Jil, 
M. C. ; L. squaraosus, e, n., M. 0. ; L. longifolius, e, n., M. C^ ; L. "• ■ ■ • ' ^ 

M. C. Acute trigonal leaves, small. L. ^ L. O. Round, with 

obscure scales and remains of long leaves. L. trigonoFepis Bunbury^ 
M. C. 

Lepidophtllum, Brongt — Species, — Lepidophyllum lanceolatum L, it 
JBt,<t M. C. and U. 0. ; L. trinerve ? Jy. o^ J7., U. C. ; L. majus ? Brongt^ 
M. C. ; L. -- — ^-^-i U. C. Broad ovate, sbort, pointed, one nerred^ half 
an inch long. L. intermedium L. «& J7., M. C. 

Halonia^ Lepidostrobus and Lepidophyllum^ including only parts of 
Xepidadendron and Lepidophltnos, are to be regarded as merely provis- 
ional genera. 

Lbpioophloios, Sternberg* — Under this genus. I include, on the evi- 
dence of numerous specimens, those plants known under the naitrcs Uhh 
dendron L. <fe 11., Bothrodendron L. <fe H., and Lomatophloias Cords, 
and in part ffcUania, Lepidostrobus, and Lepidophyllam, These trees 
have more or less elevated areoles or leaf bases, rhombic in outline, and 
terminated by rhombic scars, bearing long, narrow, one-nerved leaves. 
The fruit consists of large strobiles borne on the sides of the stem and 
branches. The internal structure presents a large cellular pith, a slender 
cylinder of scalanform vessels a very thick cellular and corky bark, and 
a dense rind or epidermis. They appear to have branched seldom and 
dichotomously, and are nearly related to Lepidodendron, They are abun- 
dant in the Middle coal formation. 

Species, — Lepidophloios Acadianus, s, n., M. C. ; L. prominuUis, s, n., 
M. C. ; L. parvus, s, n., U. C. and M. G. ; L. platystigma, s, n., M. G. ; L 
tetragon us, s, n., M. G. 

DiPLOTEOiuM, Gorda. — Species, — Diplotegium retnsum, s, n., M. C. 

Knorria. — Nearly all the plants referred to this genus, in the Garbon- 
iferous rocks, are, as Goppert has shown, imperfectly preserved stems of 
Lepidodendron, In the Ijower coal formation many such Knorria forms 
are afforded by L, corrugatum. 

Species, — Knorria Sellonii Sternberg, M. G. 

This appears different from the ordinary Knorria, Its supposed leaves 
may be aerial roots. It has a large pith cylinder with very distant tabu- 
lar floors, like Sternbergia. 

CoRDArrKS, Unpfer, (Pycnnphyllum, Brongt.) — Species, — Gordaites bo- 
rassifolia Corda, M. G.; C. simplex, s, n., M. G. and U. G. 

Gardiocarpum, Brongt. — Species, — Gardiocarpum fluitans, s, n., M.C.; 
C. bisectatum, s, n., M. G. ; G. like marginatum, M. G. ; 0. allied to 0. 
latum Newberry, M. G. 

These Gardiocarpa are excessively abundant in the roo& of some ooal 



Mineralogy and Geology. 423 

seams ; and the typical ones must have been samaras or winged nutlets. 
They must have belonged to phsenogamous plants, and certainly are not 
the fruits of Lepidodendron^ though some of the spore-cases of this genus 
have been described as Cardiocarpa, These I propose to place under the 
provisional genus Sporangites, 

Sporangitbs, Dawson. — Species, — Sporangites papillata, a, n., M. C. 

I propose the provisional generic name of Sporangites for spores or 
spore cases of Lepidodendron^ Calatnites and similar plants, not referred 
to the species to which they belong. The present species is round, about 
one inch in diameter, and covered with minute raised papillae or spines. 
It abounds in the roof of several of the shaly coals in the Joggins section, 
and especially in one in group XIX of that section. 

S. glabra, s. n. About the size of a mustard seed, round and smooth. 
Exceedingly abundant in the Lower Carboniferous coal measures of Hor- 
ton Bluff, with Lepidodendron corrugatum, to which it possibly belongs, 
A similar spore-case, possibly of another species of Lepidodendron, occurs 
rarely in the Middle coal formation at the Joggins. 

Stkrnbbrota, Artis. — This provisional genus includes the piths of Dad- 
oxylon^ Sigillaria, and other plants, usually preserved as casts in sand- 
stone, retaining more or less perfectly the transverse partitions into which 
the pith-cylinders of many coal-formation trees became divided in the 
process of growth. These fossils are roost abundant in the Upper coal 
formation, but occur also in the Middle coal formation. The following 
varieties may be distinguished : 

(a) Var. approximator with fine uniform transverse wrinkles. This 
is usually invested with a thin coating of structureless coal. 

{b) Var. angularis^ with coarser and more angular transverse wrinkles. 
This is the character of the pith of Dadoxylon. 

(c) Var. distant, usually of small size, and with distant and irregular 
wrinkles. This is sometimes invested with wood having the structure o£ 
Calamodendron, and perhaps is not generically distinct from C» approx- 
imatum, 

(d) Var. obscura, with distinct and distant transverse wrinkles, but not 
strongly marked on the surface. This is the character of the pith cylin- 
ders of Sigillaria and Lepidophloios, 

Endogbnites, L. <fe H. — Many sandstone casts, answering to the char- 
acter of the plants described under this name by Lindley, occur in 
the Upper coal formation. They are sometimes three inches in diameter 
and several feet in length, irregularly striate longitudinally, and invested 
with coaly matter. Sometimes they show transverse striation in parts of 
their length. I believe they are casts of pith cylinders of the nature of 
Sternbergia, and probably of sigillaroid trees. 

SoLENiTBS, L. is H. — Plants of this kind are found in the sandstones 
of the Upper coal formation of the Joggins. 

For all the specimens noted in the above list, as collected by Sir W. R 
Logan, Richard Brown, Esq., of Sydney, Cape Breton, Henry Poole, Esq., 
of Glace Bay, 0. B., and G. F. and C. B. Matthew and C. F. Hartt, Esqs., 
8t. John, New Brunswick, I am indebted to the kindness of those gentle- 
men. To Mr. Brown, especially, I am under great obligations for hit 
Am. Joxtr. Sol— ^bcond Sbbiss, Vol. XXXYII, No. 111.— Mat, 1864. 
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liberality in placing at mj disposal his large and Talnable collection of 
the plants of the Cape Breton coal field. 

The general conclusions dcducible from the above catalogue, as well as 
detailed descriptions of the new species, I hope to give more fully here* 
after, when I shall have completed my examination of the microscopic 
structure of the several coal seams. In the mean time the following sum- 
mary may be useful : 

1. Of 192 nominal species in the list, probably 44 may be rejected as 
founded merely on parts of plants, leaving about 148 true species^ 

2. Of these, on comparison with the lists of Unger, Morris, and Les- 
quereux, 92 seem to be common to Nova Scotia and Europe, and 59 
to Nova Scotia and the United States. Most of these last are common 
to Europe and the United States. There are 50 species peculiar, in so 
far as known, to Nova Scotia, though there can be little doubt that several 
of these will be found elsewhere. It would thus appear that the coal 
flora of Nova Scotia is more closely related to that of Europe than to 
that of the United States, a curious circumstance in connection with the 
similar relationship of the marine fauna of the period ; but additional in- 
formation may modify this view. 

3. The greater part of the species have their headquarters in the Mid- 
dle coal formation, and scarcely any species appear in the Upper coal 
formation that are not also found in the former. The Lower coal forma- 
tion, on the other hand, seems to have a few peculiar species not found at 
higher levels. 

4. The characteristic species of the Lower coal formation are Lepido- 
dendron corrugatum^ and Cyclopteris Acadica^ both of which seem to be 
widely distributed at or near this horizon in Eastern America, while neither 
has yet been recognized in the true or Middle coal measures. In the 
Upper coal formation Calamiles Suckowii^ Annularia galioides^ Spheno- 
phyllum emarffinaium^ Cordaites simplex, Alethopterk nervosa^ muricata, 
etc., Pecopteria arborescens, P, abbreviata, P, rigida^ Neuropiis cordata, 
Dadoxylon materiarium, Lepidophloios parvus, Sigillaria scutellata, are 
characteristic plants, though not confined to this group. 

5. In the Middle coal formation, and in the central part of it, near the 
greater coal seams, occur the large majority of the species of Sigillaria, 
Calami tes, Lepidodendron and Ferns ; some of the species ranging from* 
the Millstone grit into the Upper coal formation, while others seem to be 
more narrowly limited. It is to be observed, however, that as we leave 
the central part of the system, the total number of species diminishes 
both above and below, and that it is only in those beds which hold large 
numbers of plants in situ, or nearly so, that we can expect to find. a great 
variety of species, and especially the more delicate and perishable or- 
ganisms. 

It is also quite observable in the Joggins section that while some beds 
supported Sigillaria, others, in the same part of the system, carried Cala- 
miles, others, mixtures of these with other plants; so that differences of 
soil, moisture, etc., frequently cause neighboring beds to be more dissimi- 
lar in their fossil contents than others much more widely separated. 
These local and temporary differences must always have occurred in the 
deposition of the coal measures, and should not be confounded with those 
general changes which are connected with lapse of time. 
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4. Brief Report of J, D. Whitney^ State Oeologist of California^ on 
the progress of the Geological Survey^ to his Excellency Ldand Stanford, 
Governor of the State, dated, Office of the Geological Survey^ San 
Francisco^ Nov. 26, 1863. — **The earlier meeting of the Legislature, 
under the new constitution, makes it necessary that the annual synopsis 
of the operations of the Geological Survey should be transmitted to you 
just as the field operations for the season are about closing. I will, 
therefore, only attempt to set forth, as briefly as possible, the plan which 
viQ have followed during the past summer, adding a statement of our 
financial position and of what we propose to do in the way of publishing, 
in order that the Legislature may take early action on the same — as will 
be necessary to be done, if the work is to go on without interruption. 

/As stated by me, in my address before the * Legislature in March last 
on the relations of the Geological Survey to the interests of the State, 
our labors during the season whjch is now closing have been directed to 
extending our reconnoissance over as large a portion of the previously 
unexplored and geologically unknown region of the State as was possi- 
ble ; in order that, if the survey were discontinued this winter, we might 
be able to present some sort of a connected view of the geology of Cali- 
fornia. Witli this aim, we have devoted our attention chiefiy to the 
Sierra Nevada, from Fort Tejon to the northern line of the State, and 
Lave added much to our knowledge of the geography and geology of 
that great chain of mountains, especially of that portion which lies be- 
tween the parallels of 37® and 40°. There are only three counties in the 
State in which some work has not been done by the Survey, and these 
are Klamath, Humboldt and Mendocino counties, in which Indian diffi- 
culties have hitherto rendered it almost impossible for our small party to 
operate to any advantage, or without considerable risk. 

The organization of the corps has remained nearly the same as last year ; 
but the smallness of the appropriation made by the last Legislature has 
had its efi*ect in cutting down the survey to some extent. Prof. Brewer 
has been employed as Assistant Geologist and Botanist, and has been 
constantly in the field from April 1st up to the present time. During a 
portion o( this time he was accompanied by Clarence R. King, as a vol- 
unteer assistant Hoffman has also been uninterruptedly engaged in the 
topographical work. During the early part of the season he was with 
Prof. Brewer and myself in the high Sierra, but he was afterward em- 
ployed in completing the map of the vicinity of the Bay of San Francisco, 
both in the field and office. The field work is now complete, and the 
map will be r^ady for the engraver before the commencement of the 
session of the Legislature, and can be examined by those of the members 
who may be interested in the progress of the work. The map of the 
vicinity of Monte Diablo, on a scale of two inches to the mile, is also 
ready for the engraver. 

A large amount of material has been collected during the past season 
toward a map of the central portion of the Sierra Nevada. From Wack- 
enreudcr, however, we have had no assistance, as he has been engaged in 
the service of the United States. The maps commenced by him last 
year remain in the same condition which they were in at the date of my 
last yearns synopsis. 
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Mr. Gubb has continued the work of fignrin^ and describing the fossils 
collected by the survey ; he has also been employed during a part of the 
tiine in the field. 

In the zoiilogical department, Dr. Cooper has been engaged from April 
1st, a part of the time at Santa Barbara and on the adjacent islands, col- 
lecting marine and land animals, and afterward in the Sierra Nevada. 
He is now employed in preparing a catalogue of the animals of the State. 

Professor Brewer has continued the collection of botanical specimen.^, 
and chiefly in the high Sierra, where much that is new and interesting 
has been discovered, no collectors in this department having ever before 
visited our highest mountain regions. The task of working out the bo- 
tanical and zoological collection has been proceeded with, and portions of 
reports received from some of the eminent authorities to whom various 
subdivisions of the collections had been referred. 

It seems proper, at the present stage of the survey, to make soma 
statement in regard to the probable amount of time and money required 
to complete the work. Indeed, in my address before the last Legislature^ 
I promised to do so during the coming winter. It is especially necessary 
that some action should be taken soon in reference to this matter, as the 
amount and character of the printing to be done this winter will depend 
on the settlement of the question whether the survey is to be continued ; 
and if so, for what probable length of time. 

Undoubtedly, were the State in a position in which economy in the 
public expenditures was not of the highest importance, there would be 
no question that the survey might bo continued to an indefinite period 
with advantage, since all will adroit that the results proposed to be gained 
by a work of this kind, if it be properly conducted, could not fail to be 
beneficial to the community. Thus, no one in California objects to the 
minute accuracy and consequent expense of the Coast Survey work upon 
our shores, since the burden of payment does not fall directly on our 
shoulders. 

The amount of time required for our work, combining, as it necessa- 
rily does, a topographical with a geological survey, and adding hereto a 
natural history survey, depends entirely on the degree of accuracy with 
which it is carried on. I have already stated, in previous communica- 
tions to the Executive and Legislature, how much time and money have 
been and are still being expended in other countries in works of this kind, 
as for instance in Great Britain and France. But the degree of perfec- 
tion to be aspired to in such an undertaking must be governed by cir- 
cumstances ; and if we consider that it would require a population of 
71,000,000 within the borders of our State in order that our population 
should equal that of England in density, it will be readily seen that what 
would be feasible in that country might be an impossibility here. 

The farthest limit of completeness to which I ever aspired to carry 
this survey was the completion of a map of the whole State on a scale of 
six miles to the inch, making nine sheets, each about nine feet square, 
with the geology worked out on a corresponding scale of accuracy. 
Further experience in the State, and more knowledge of what the peo- 
ple expect, and a personal experience of the condition of the treasury, 
have convinced me of the impossibility of carrying out this undertaking, 
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for which certainly not less than fifteen years would be required. I am 
fully convinced that the work, carried to this extent of completeness, 
would be of sufiScient benefit to the State to justify 'its being done ; but I 
am also equally well assured in my own mind that the people would not 
recognize the value of the survey until after it was completed, and that 
consequently it would be impossible to carry it forward on a matured 
plan without danger, and almost certainty, of its being interrupted. 

In weighing the matter carefully, I have concluded that four years 
longer is the extent of time to which the survey should be protracted, 
with a liberal appropriation — of not less than $40,000 per year. But I 
am, furthermore, of opinion that the survey should be suspended alto* 
gether, until such time as the finances of the State are placed on a cash 
basis, as I find that the delay and anxiety caused by the necessity of 
borrowing to meet the advances required by the treasury's being from 
one to two years behindhand in the payment of the appropriations, is 
too disagreeable and prejudicial to the interests of the State and the 
progress of the work to allow me to be willing to continue on the system 
any longer. 

Should the financial condition of the State be improved, and the ne- 
cessary appropriations made, we might in four years accomplish the fol- 
lowing amount of work : 

We should prepare a map of Central California, extending from the 
parallel of 37° to that of 40° 20' — probably on a scale of three miles 
to the inch. This map would embrace the area occupied by about nine- 
tenths of the population of the State. It is possible that we might be 
able to complete the map of the Coast Ranges, from Santa Barbara to 
Monterey, which was commenced two years ago. Detailed maps of va- 
rious important mining regions, including that of Washoe, would also 
be given. The main object of the survey, however, would be the eluci- 
dation of the mineral resources of the State, including everything which 
bears on the working of the mines, and reducing their products to a 
marketable condition. We should require a commodious and well ar- 
ranged laboratory, where, with the necessary assistance in that depart- 
ment, all questions touching the metallurgic treatment of our ores and 
minerals might be investigated, and analyses made of our mineral waters 
and substances of economical value. The zoological and botanical de- 
partments of the survey would also receive a share of attention. 

The result of the survey, in case it should be actively continued for 
four years longer, would probably be comprised in about five large vol- 
umes, of which the first would embrace the physical geography anj 
general geology of the State ; the second, the description of the fossils 
found in our rocks, both those of animal and vegetable origin ; the third 
the economical geology, including all that relates to mines and mineral 
products of economical value ; the fourth, the botany and zoology ; and 
the fifth would contain such maps, sections and other illustrations as were 
not introduced into the other volumes, or printed with the text. It is 
possible, however, that some of these volumes might have to be divided 
mto two parts, owing to the large quantity of matter it might be desirable 
to publish. 
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If it be deeraed necessary to close the sanrej at once and permanenUj, 
no further appropriation being raade except for the purpose of preparing 
for publication such of the matter as is already collected, so far as the 
same can be made available without any additional field-work, we shall 
be able to furnish two volumes, and perhaps three, according to the 
amount which may be appropriated for preparing the materials in band 
for the press, and for finishing up such work as is already near completion. 
. The appropriation for the survey, made for the second year of its con- 
tinuance, by the Legislature of 1862, having just been paid, a volume U 
now due the State, in accordance with the Act passed at that session, 
authorizing the printing of one volume and appropriating $3,000 therefor. 
In accordance with that Act and with your Excellency's approbation, the 
work has already been begun and will be carried on as rapidly as possi- 
ble, provided the Board of Examiners will audit my estimate for the 
printing, to the extent authorized by the law, so that I can make tlie 
necessary financial arrangements and be enabled to pay for the work as 
it progresses, by borrowing on the security of the State warrant 

By constitutional limitation, the ofGice of State Geologist will expire'in 
the course of the year 1864, and, as I suppose, on the 21st of April, — 
the date of the approval of the Act authorizing the survey and creating 
the office, although I did not enter upon the duties of State Geologist 
until November 14, 1860. Of course, unless reappointed by the present 
Legislature, my duties will cease at the time above mentioned. 

The printing of another volume of the report can be commenced 
whenever an appropriation is made for the same by the I^egislature, ^nd 
the money provided for the purpose. One of the two volumes due the 
State whenever the appropriation of 1863 is paid, will constitute a por- 
tion of the final report, whether the survey be continued or not. The 
other volume will not be a portion of a final report, unless the survey 
should be stopped by the Legislature this winter. It is impossible to specify 
the sum required for the printing until it has been decided whether the 
report will be a final one — that is to say, whether the survey is to go on. 
The total amount appropriated by the Legislature for the su»vey, from 
the beginning, has been $70,000. Of the $20,000 appropriated by the 
last Legislature, the sum of $11,487.98 had been expended from April 
1st to September 30, 1863. Our expenses from October 1st to Decem- 
ber 3 1st of this year may be estimated at $4,750 ; leaving only about 
$3,750 to go on with after the new year. It may be added, that no part 
of the last appropriation has been received, and that no information can 
be procured at the State Treasurer's office as to when it is likely to be. 

The question of providing a fire-proof building for the State geological 
collections, and of the proper use and disposition to be made of the same, 
is one which should engage the attention of the Legislature during the 
coming session. For my views on this subject, I would refer to the re- 
port to be presented to this Legislature early in the session by the Board 
of Gommisiioners appointed last year to take this matter into considera- 
tion. This Board, consisting of the State Geologist, the Surveyor General 
and the Superintendent of Public Instruction, is required to report to the 
Legislature, on or before the second Monday of December, on the possi- 
bility of establishing a State University, embracing an Agricultural Col- 
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lege, a Soh(X)I of Mines, and a Museum including the geological collec- 
tions of this State." 

[The telegraph, on the 12th of April, brought information that the 
Legislature of California had decided on the continuation of the Survey. 
—Eds.] 

6. Lar^e Mass of Native Copper, — Mr. J. B. ToWnsknd, agent of the 
Minnesota Mine, has communicated to one of the Editors the following 
facts regarding the large mass of copper found in 1867 : — "The * great 
mass' of the Minnesota Mine was discovered in February, 1857, between 
the adit and ten fathom level, or about 120 feet below the surface. It 
was imbedded in the belt of conglomerate which forms the foot-wall of 
the Minnesota vein. Previous to its discovery, the regular vein, at the 
junction of the trap and conglomerate, had been removed. The foot- 
wall of the vein, at the place where the great mass was found, was per* 
feet and regular as in other cases ; the lode was also rich in mass copper. 
The great mass was discovered only by small strings or pieces of copper 
extending into the conglomerate. The mass itself was 45 feet in length, 
about 22 feet at the greatest width, and the thickest part was more than 
8 feet It was over 90 per cent copper, and weighed about 420 tons. 
It required 13 months to complete the cutting up and sending it to the 
surface. Some 30 men were employed in cutting at first, but as the 
piece became smaller, only a few could work at the cutting at a time. 
Several heavy blasts were necessary to loosen the mass from its bed. At 
the last blast, or charge, 30 kegs of powder (750 lbs.) were used. The 
whole amoiUnt of powder consumed in the various trials was 95 kegs, 
(2375 lbs.). The principal features of this mass of more than ordinary inter- 
est were its great weight in one solid body, its remarkable purity, and its 
occurring outside of the regular vein in the conglomerate rock.'* 

6. Laurentian Rhizopods of Canada, (Extract of a letter from 
T. Sterry Hunt, F.R.S., to J. D. Dana, April 2, 1864.)--The mineral- 
ogical relations of the fossil Rhizopod from the Laurentian limestones of 
Canada, mentioned in Sir W. E. Logan's note in the last number of the 
Journal,^ are full of interest. The calcareous septa which form the skele- 
ton of tins Foraminifer are unchanged, while the sarcode has been re- 
placed by certain silicates, which have not only filled up the chambers, 
cells, and septal orifices, but have been injected into the minute tubuli, 
which are thus perfectly preserved, as may be seen on removing the cal- 
careous matter by an acid. The replacing silicates area white pyroxene, 
serpentine, and a dark green alumino-magnesian silicate near chlorite and 
loganite. The pyroxene and serpentine are often found in contact, filling 
contiguous chambers in the fossil, and were evidently formed in consecu- 
tive stages of a continuous process. 

These observations confirm the views which I have already expressed 
in the pages of the American Journal of Science, as to the aqueous origin 
of silicated minerals like those above named, which as I have asserted 
roust have been deposited as the result of chemical processes from waters 
at the earth's surface. The resemblance between the mode of preserva- 
tion of the ancient Laurentian Foraminifera, and that of the allied forma 
in Tertiary and recent deposits, whjch as Ehrenberg, Bailey and Pourtales 
have shown, are injected with glauconite, is obvious. 

' On organic remains in the Laurentian rocks of Canada, page 272. 
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7. Uther zteei neue dyadische Pftanxen; by Dr. H. 6. GsiKitz {Jdh/h, 
/unMin., etc., 1863, pp. 525-530). — Of the two new plants of the Per- 
mian here described by Dr. Geinitz, one is from the Roihliegtnde of Ot- 
tendorf near Braunau in Bohemia \^ it is named Schutssia anomak^ and 
is a stem in fruit ; it is regarded by the author as probably Coniferoos, 
and near the living Cryptomeria, The other is from the lower Permian 
of Hohenelbe, and is apparently a root, as the name given it, RhizolitbM 
JBjablikcBy implies. The paper is illustrated by two plates. 

8. Beitrdge zur Kennini$s der organischen Ueberreste in der Dyat 
(order permischen Formation zum Theil) und uber den Namen Dyaa; 
by Dr. H. 6. Geinitz. With two plates. {Jahrh.f» Mm^^ 1863, pp. 
865-398.) — Dr< Geinitz here describes and figures the Prowpotikeui 
problematicus (which he refers to the Isopod Crustaceans), Syrinyopora 
PUcheri Gein., Saurichnitei Leisnena Gein., Saurian akin from the lower 
Permian of Huttendorf near Hohenelbe, and remarks upon the pretended 
identity of fossils of certain British Carboniferous and Permian schists, 
and also upon the name Dyai, of Marcou, used by him for the Permian. 

Under this last head, Dr. Geinitz shows that the Dyas has different 
limits from those before given to the Permian. Yet we still think, with 
Murchison, that the accepted name of Permian may without inconveo* 
ience and more properly be extended to cover the whole. We see no 
advantage in a change, and least of all to one based on a mere accident, 
the number of subdivisions of the formation in a particular region. 

9. Appendix to the Third edition of the Antiquity of Man ; by Sir 
Charlss LtelIm Dec, 1863. — This appendix consists of ftbstraccs of 
recent papers touching on the antiquity of Man and his relations to other 
animals, along with just and discriminating remarks on the same. Be- 
sides papers bearing directly on these topics, there are others on the Con- 
tinental ice of Greenland, on phenomena of the glacial drift of Scotland 
and Wales, on the existence of marine animals at various depths in seas 
abounding in floating ice in Arctic and Antarctic regions, and on the 
submergence of the Sahara in the Post-pliocene period. 

10. A popular and practical exposition of the Minerals and Geology 
of Canada ; by E. J. Chapman, Ph.D., Prof, in University College, To- 
ronto. 236 pp., 8vo, with over 200 wood-cuts. Toronto, 1864. W.C. 
Chewett <fe Co. — This work, which, in the main, has appeared in a series 
of articles in the Canadian Journal of Science and Art, presents a popli- 
lar and yet full sketch of the mineralogy and geology of Canada, to- 
gether with such introductory matter pertaining to both these sciences as 
would serve to render it a handbook in mineralogy and geology for the 
Canadian student. It gives, with much detail, the general results of the 
Geological Survey of Canada, as gathered from the published Reports, 
and additional information from the results of Prof. Chapman's own ob- 
servations and the memoirs of other investigators. It is illustrated by 
numerous wood-cuts, representing, among them — although somewhat 
coarsely, as the author remarks in his preface — a large number of the 
fossils characteristic of the several formations ; and the most of them are 
original. While the volume has a special interest in Canada, it has 
hardly less out of it, with all who would become acquainted with the 
geology of North America. 
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III. BOTANY AKD ZOOLOGY* 

1. On the Popular Names of British Plants, being an explanation of 
the Origin and Meaning of the names oj ovr indigenous and most ronH' 
manly cultivated Species ; by li. C. A. Prior, M.D., etc. London : Wil- 
liams & Norgate, 1863. pp. 250, 12mo. — A book full of out-of-the-way 
and interesting lore, such as could be produced only by one who, like Dr, 
Prior, has much botanical and philolcffical learning, especially of the 
90urces of the English language, and who has patiently studied the old 
herbals. Apart from the botanical interest, as the author remarks, in 
tracing back popular names to their remote origin : 

^ We soon find that we are travelling far away from the humble occu- 
pation of the herbalist, and are entering upon a higher region of litera- 
ture, the history of fnan^s progress, and the gradual development of his 
civilization. Some of the plants that were familiar to our ancestors in 
Central Asia bear with us to this day the very names they bore there, 
and as distinctly intimate by them the uses to which they were applied, 
and the degree of culture which prevailed where they were given, as do 
those of the domestic affinities, the various occupations of the primeval 
family. The names of animals, with which many are compounded, carry 
us still farther back, or to still more distant regions : for in some cases it 
is impossible now to deduce any meaning from them at all, and it is prob- 
able that the names may have been adopted^ with the knowledge of the 
animal, from an entirely alien nation. In such, for instance, as hound 
and ox^ we have unquestionable proof that tliey must have been given to 
those animals before the existing dialects of our ancient mother tongue 
bad assumed their distinctive form ; and this must have been at an im- 
mensely remote point of time. For, to educe from the same language 
others so different from one another, not only in their vocabulary, but in 
their grammatical constructions and declensions, as were already in their 
earliest known state the oldest of them with which we are acquainted, 
the Sanskrit., Latin, Greek, and Gothic, required a period not of centurien 
merely, but milleuia. 

^The most interesting, in this respect, of the names that have come 
down to us, are those which date from a period antecedent to the settle- 
ment of the German race in England, — namf« which are deducible from 
Anglo-Saxon roots, and are identical, with allowance for dialectic pecu- 
liarities, in all the High and Low German and Scandinavian languages, 
and, what is particularly worthy of our attention, each of them expressive 
of some distinct meaning. These will prove, what with many readers is 
a fact ascertained upon other evidence . . . that the tribes which descended 
upon Britain had entered Europe, not as a set of savages, or wandering 
pastoral tribes, or mere pirates and warriors, but as colonist*, who, rude 
as they may have been in dress and manners, yet in essential points were 
already a civilized people. It will be seen at the same time that they 
must have come from a colder country : for, while the names comprehend 
the Oak, Boech, Birch, Hawthorn, and Sloe, — trees that extend fir into 
Northern Asia, — they do not comprise the Elm, Chesnut, Maple, Walnut, 
Sycamore, Holly, or any evergreen, except of the Fir- tribe, or Plum, 
Pear, Peach, or Cherry, or any other fruit-tree, except the Apple. For 
Ax. JouB. ScL— Second Sbribs, Vol. ZXXVIX, l^d 111.— lk(^T, 186i. 
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all these latter they adopted Latin names, a proof tliat at the time when 
they first came into contact with the Roman provincials on the Lower 
Rhine, they were not the settled inhabitants of the country they ^ere 
then occupying, but forei^ers, newly arrived there as colonists or con- 
querors from a country where those trees were unknown.^' 

The transformations and transpositions which many popular names 
have undergone are curious. The word Primrote comes from Pryme 
voiles^ the name it bears in the old herbals and manuscripts, written m 
one word, Primrole, by Chaucer. This is an abbreviation of the Frendi 
Pfimeverole, of the Italian Primaverola, a diminutive of the Latin prima 
vera, the first spring flower. This in England was familiarized iots 
prime roll^s, and then into primrose, which was at length explained as 
meaning the first rose of spring, without considering that the flower in 
question could never have been taken for a rose. Tube Rose, from Tvr 
berose, i. e., tuberosa was an analogous blunder. But, curiously enough, 
the Primeverole of the olden time was not a Primula at all, as Dr. Pnor 
shows. The rightful claimant of the name is the Daisy (Bellis perennis), 
a common and conspicuous flower of early spring in the South of Europe^ 
where the Primula veris is rare ; and it is the Daisy which bears the 
name in all the old books. Matthioli, in 1586, however, appends the 
name of Primula veris, &c, both to Bellis and Primula, 

** Primrose peerless,^ etymolog^cally traced, turns out to mean Primula 
paralyseos, — a palsy, not a nonpariel primrose. 

Another link of the chain of confusion : our Primrose in the middle 
ages was called in Latin Ligustrum ; and the English names Prim, 
Privet, (from Prymet and Primprint, all from the French prime prin- 
temps, and answering to the modern French Primevere,) are standing 
witnesses of the former state of things. The name of Ligustrum having 
been applied or restored by botanists to the shrub, the English names 
Pimprint, Prim, <fec., went with it 

Oilliflower (Fr. Giroflee, It Oarofalo, Lat. Caryophyllum) etymolog- 
ically and hislorically belongs to the Clove Pink or Carnation, which, in- 
deed, is the Gilliflower of Chaucer and Spenser : but later writers and 
gardeners have transferred it to the cruciferous plants which now bear the 
name. The original Gilliflower being a Pink, we may turn to the origin of 
the latter name. Dr. Prior informs us that it is derived from the low Ger- 
man pinksten, Whitsuntide, the Whitsuntide-Gilliflower of old authors, 
a name shortened from neyjrjxoanj, Pentecost, the fiftieth day after Easter. 

These specimens may sufiSce to call attention to a very interesting and 
useful book. a. o. 

2, Cosson et Germain de Saint-Pierre, Flore des Environs de Paris, 
2idme ed. Paris : Masson et Fils, 1861. pp. 963, 8vo. — Synopsis Ana- 
lytique de la Flore des Environs de Paris, 2»*™« ed. pp. 581, 24mo.-- 
With these two volumes, — the one in this edition enlarged into a stout 
octavo, the-other a veritable pocket companion for herborizations, com- 
prising the whole botany of the district within the space of 6X4X1 
inches, — Parisian botanical students are furnished in an enviable manner. 
The larger volume is a full and most conscientiously elaborated flora of the 
region within 24 leagues of Paris, which takes in Fontainebleau, Chartres, 
Evreux, and Compiegne ; and is supplied with a map crowded with de- 
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tails, synoptical tables, dbc The commonly cultivated plants are included, 
and the more important ones fully described. Both works are models of 
their kind. a. g. 

3. Des FUurs de Pleine Terre^ eomprenant la Description et la Cul- 
ture dee Fleure Annuelleg, Vivacee, et Bulbeuse de pleine terre, suiviea de 
Classemente diverSj indignant Pemploi de ces Plantee et Vepoque de leur 

Jloraieon^ de plans de Jardins, avec des examples de leur ornementation en 
divers genres^ etc.^ etc. Par Viuiorin-Andrieux, et cie. Paris, 1863, 
pp. 1216, 16mo. — ^Twenty-eight pages are occupied with succinct prefa- 
tory instructions for the raising and propagating of flowering plants. 
The close of the compact little volume contains lists of choice hardy flower- 
seeds, of bulbous plants, of the best plants for borders, of the best 
climbing plants, of desirable sweet-scented flowers, of ornamental fruits, 
of ornamental grasses, of ferns, of ornamental aquatic plants, of plants 
for rookeries, of plants for shady places, and of plants picturesque or 
striking for their foliage, &c. Also, a calendar of the season of flower- 
ing of the principal plants described in the body of the work ; plans of 
gardens and examples of different styles of ornamentation ; plans for a 
small country-place and for the grounds of villas ; colored plans and de- 
tailed illustrations of the flower ornamentation by plates-bandes at the 
Jardin des Plantes, the gardens of the Luxembourg^ Tuileries^ Louvre^ 
Ac ; directions for the formation and treatment of lawns ; and, finally, 
a dictionary of the principal botanical and horticultural terms employed 
in the work, and tables of English, German, Italian, and Spanish names 
of common flowers, with their French synonyms. Nine hundred and 
fifty pages of the body of the work are filled with excellent popular de- 
scriptions of hardy flowering planti, alphabetically arranged under their 
French names, followed by their technical names in Latin, with full details 
as to their garden varieties and their culture. We have no great ac- 
quaintance with books of this class, but we know of nothing to compare 
with this little volume in the English language, nor in the French, except 
the well-known Bon Jardinier, upon the same plan, only extended to 
general culture. Even for this country it is a treasure, which, if in the 
English language, would leave little to be desired. As a single volume, 
it is chubby ; but double title-pages are given for the convenience of 
binding in two volumes, if desired. a. g. 

4. Monographia Generis Lepigonorum. Auctore N. 0. Kindberg, 
Upsal, 1863, pp. 48, 4to, tab. 1-3. Separately printed from the Nova 
Acta UpscU., ser. 3, vol. 4, fasc. 2. — ^Twenty-five species and' a few sub- 
species are elaborately described, and portions of the plant and magnified 
seeds are well figured. In adopting, as was to be expected, the excellent 
name Lepigonum^ given to this genus by the venerable Fries, in 1817, 
the author makes out that, in strictness, it antedates Spergularia, because 
Persoon only established a sub-genus, under Arenaria, without giving a 
character or a proper limitation. But it may be insisted that good and 
sufiicient characters are assigned by Persoon ; and also that if we neglect 
this name, we may after all have to take up Haworth's name, Stipularia^ 
whenever Palisot's obscure Rubiaceous genus of that name comes to be 
identified. The seeds are thought to furnish the best specific characters 
in this genus, although they are admitted to vary considerably and in a 
part of the species to be either winged or wingless. The primary divi- 
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sion is into Leioiperma^ (11 speciet) and Trachysperma (14 species), ench 
subdivide d, from the size of tbe cnpsulc, into Macrotheca and Micro- 
theea. One large-fruited species with smooth seeds (Z. macrotheevm) 
18 from California, and two smooth-seeded species with small pods are 
assigned to our Atlantic coast, as also one rough-seeded, small-fruited one 
(Z. $alinum)j both to our eastern and our western coasts. The group 
is an interesting one to study, on account of the wide geographical distri- 
bution, and the close connexion* among* tbe forms, which sume would dis- 
tinguish into numerous species, while others would regard them rather as 
incompletely segregated derivations of a common stock, or of two or 
three stocks. a. q, 

5. Kongllga Svenska Fregatien Bugeniet Resa^ etc. Botanih^ 1, 2. 
(Published by the Royal Society of Sciences of Stockholm.) Botany of 
the Galapagos Idands, by N. J. Andersson. — Ttie first fascirulus of tliese 
botanical results of the Voyage of the Swedish Frigate Eugenie, pub- 
lished several years ago, is a general discussion of the vegetation of the 
Galapagos, in the Swedish language. The second, recently issued, is an 
Enunuratio Plantarum in Insulis Oalapagensibus hucusgue observaia' 
rum; the whole illustrated by 16 platen, 4to. Ever since the publication 
of Dr. Hooker*s elaborate essay on the botany of these islands, they have 
been regarded with great interest, especially in what relates to the geo- 
graphical distribution of their vegetable denizens, — an interest which is 
enhanced by this more recent and complete florula. The number of 
species is here extended to 302, the Alga omitted ; of which one is a 
funguSy 9 are Lichenes^ 6 ffepatiea, 4 Muscij 31 Filices, one Salvinia- 
cea ; the remainder Phsenogamous plants. a, g. 

6. Caroli Wright Lickenes Insula Cuba, curante Edvardo Tuck- 
XRMAN. — The Lickenes of Mr. Wright's collections in Cuba, made during 
several years past, have been most attentively studied and arranged by 
Professor Tuckerman, Having completed the work, so far as regards the 
principal part of the collection, these Lichenes, elaborated with immense 
labor and care, have been distributed into sets (in all only 20) by Prof. 
Tuckerrnan ; the species all authoritatively named by him, and furnished 
to the subscribers to Mr. Wright's collections. With the exception of 
Lindig's Venezuelan collection, we are assured that no collection of Trop- 
ical Lichenes has ever been made which would compare with this. Prof. 
Tuckerraan's descriptions and annotations upon the more interesting 
species are published in the Proceedings of the American Academy of 
Arts and Sciences, and copies of this publication will be furnished to 
subscribers to the sets. Several sets yet remain for disposal, containing 
between 144 and 166 species. Those who desire to obtain them may 
apply to Prof. Gray, Cambridge. The indefatigable collector is still pur- 
suing his botanical investigations in Cuba. a. g. 

7. Observations on the Genus Unio, together with descriptions of nev 
Species^ their soft parts, and embryonic forms in the t/nionido! ; by 
Isaac Lka, LLJa, Pres. Acad. Nat. Sci. Philad., etc., etc. Vol. X, with 
10 plates, 94 pp., 4to. Philadelphia. (Read May 12, 1863, before the 
Academy of Natural Sciences of Philadelphia, and published in their 
Journal.) — This tenth volume of Dr. Lea's Memoirs on the Unionide is 
dedicated to Professor Jeffries Wyman. Twenty -five pages are occupied 
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by tlu) de8cnptions of oew species, and the rest of the volume by obser- 
vations on tbe animals and the embryonic forms of 143 species of Union- 
idle of the United States. Many of the new species described were 
collected by Prof. Wyman in South America. Other South American 
•pedes, with a few from Asia, were contributed by Mr. C. M. "Wheatley, 
and others from Asia by Mr. W. A. Haines. 

The number of known species of North American Unionidse has been 
increased by the author, since the publication of his ninth volume, by 
thirty-six, making in all Beven hundred and ten ; and still others, Dr. Lea 
observes, are in his possession. 

Besides descriptions of the shells and animals. Dr. Lea makes some 
critical remarks on certain subdivisions of the family which have been 
proposed by Professor Agassiz. 

The Introduction announces that the eleventh volume will consist 
chiefly of indigenous spe<nes of Unionidse and MelanidsB, but with some 
exotic species of the former, descriptions of which have already appeared 
at various times in the Proceedings of the Academy. 

We may here add, that, in January last. Dr. Lea declined being a can- 
didate for re-election to the office of President of the Aci^lemy ; where* 
upon the following resolutions vere unanimously adopted : 

^^That this Academy hereby expresses its most grateful sense of the 
entire faithfulness, impartiality, and eminent ability with which Dr. Lea 
lias performed the duties of President during the lengthened term of hi* 
incumbency. 

'* That the thanks of this Academy be hereby tendered to Dr. Lea for 
bis most valuable and important services in the capacity of President^ 
and for his many other judicious and liberal favors and continued and 
suceessful exertions for the benefit of this Academv, and for the advance* 
ment of the interests of science in the United States." 

8. List of ike Polyps and Corals sent by the Museum of Comparaiivs 
Zoology to other Institutes in exchange^ with Annotations ; by A. E. 
Verrilu pp. 29-60 from the Bulletin of the Museum of Comparative 
Zoo/o/7y, Cambridge, Mass. — ^This *Mist" is much more than a list, it 
containing notes by the author at considerable length on the characters 
and synonymy of many of the species, and descriptions of a number of 
new species. The author shows a thorough acquaintance with the de- 
partment which has been under his charge in the Museum of Compara- 
tive Zoology at Cambridge, and contributes much in his paper toward 
the progress of this department of zoology. 

9. Prospectus of a Monograph of the Tetraonince, or Family of th§ 
Grouse ; issued by the author, D. G. Elliot. — "It is proposed to com- 
mence very shortly the publication of this work, including plates with 
life-size figures of all the known species. 

^ Much confusion has always existed regarding the scientific arrange- 
ment of this family, especially with that portion of it comprising the 
Lagopidse, or Ptarmigan. With a very extensive collection of these, 
(including the great number received by the Smithsonian Institution, 
through its various expeditions,) the author trusts that he will be enabled 
to throw some new light upon these perplexing birds ; such as relates to 
the number of species, geographical distribution, habits, <fec 
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^ Peculiar fiiciliiies have been afforded for carrying on an investigation 
in this family ; for not only is the author placed in posseflsion of all the 
apeciment obtainable, but, being in constant correspondence with leading 
European ornithologists, he is enabled through their kind efforts to be 
kept thoroughly informed of whatever relates to this work in the museums 
of the Old World. 

** * North America,' says Prince Charles Bonaparte, ' is exceeded by no 
country in the beauty, number and valuable qualities of her grouse ;' 
and if when that was written, such praise was due, how much more is it 
now, when numerous additional species have been discovered f 

^ Of all the members of this family that are now known, two-thirds are 
natives of the United States. The drawings have been executed with 
great care from the birds themselves, and each plate is colored by hand ; 
and represents the different species in various attitudes, surrounded by 
the scenery to which they are accustomed. Whenever it is possible, 
figures of the male, female and young, will be given. 

*' The same method has been adopted with this work as with the au- 
thor's former one, entitled a Monc^raph of the Pittidse, or Family of Ant 
Thrushes; and only a limited number of copies have been prepared — in 
this case, 200 — and the drawings are erased from the stones as soon as 
the requisite number is printed off; thus making it impossible to repro- 
duce the work, unless at the original expense, but causing it to become 
more valuable to those possessing it 

''The work, imperial folio in size, will be issued in parts — each to con- 
tain six plates — to follow each other as rapidly as may be consistent with 
the proper preparation of such large subjects, and will be furnished to ivJth 
Bcribers only^ at Ten Dollars each, payable on delivery ; the number of 
parts probably not exceeding five. It is intended also to give one or 
more plates, as may be required, illustrating the eggs of the different 
species. 

'' The author would beg leave to request those who may desire to sub- 
scribe, to sign their names to the accompanying form ^nd enclose it to 
him, as early as may be convenient, to his residence, No. 21 West 33d 
street. New York. 

** A list of the subscribers will be given with the last number." 
New York, Feb. 17th, 1864. 

IV. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 

1. On the Yellow Coloration of faded Photographic Prints; by M. 
Carey Lea.* — Everything connected with the permanence of photo- 
graphic products has an interest so vital to photography, that nothing 
connected with it can be considered as trivial. We are yet groping in 
the dark as to the causes of failure, v^ Su I pbu ration" is a convenient 
word, but it would be more satisfactory if we had some idea as to the 
nature of the obnoxious insoluble sulphur compound. 

The hypothesis which has for some time past become current is, that 
the fading^ depends upon the presence in the print of some sulphur com- 
pound, which with time acts upon the silver, converting it, as is said, 

* Communicate4 for this Journal by the author, and received too late fat voaia^ 
tioD in the foregoing portion of the Journal. 
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into snlphid. Sulphid of silver we know as a jet black substance, and 
we habitually convert the reduced silver of negatives into sulphid when 
we wish to intensify theni. Why then should the production of sulphid 
of silver strengthen a negative and destroy a print ? 

MM. Davanne and Girard answer as follows. Sulphid of silver pre- 
pared by itself is, they say, black. But formed in presence of organic 
matter, the organic matter enters into the composition and the compound 
is yellow. To prove this, they precipitate a solution of silver with sul- 
phuretted hydrogen, and find it violet black. They again precipitate the 
same silver solution in presence of starch and obtain a yellow precipitate, 

I have paid much attention to the subject of the fading of prints, and 
had been forcibly struck by the anonialy above referred to. The expla- 
nation of the gentlemen just mentioned seemed very satisfactory ; but 
the question appeared to have too much importance to pass it by with* 
out verification. The following results were obtained. 

In a test tube was placed a little boiled starch ; in a second tube, some 
water. Two or three drops of a five per cent solution of nitrate of silver 
were added to each and then hydrosulphate of ammonia. Both solutions 
gave a yellowish brown precipitate without the sliffhtest difierence in 
shade or color. The precipitate afforded by hydrosulphate of ammonia 
could not here differ from that produced by sulphuretted hydrogen, but 
to remove any doubt on this score, the experiment was carefully repeated 
with sulphuretted hydrogen. The same result precisely was obtained. 
As a further confirmation, the experiment was varied by the substitution 
of another organic substance, viz : collodion, instead of the starch. The 
result was precisely similar. 

The different result obtained by MM. Davanne and Girard can per- 
haps be explained as follows. The sulphid of sil^ is a heavy substance^^ 
and when thrown down from a simple watery solution it quickly subsides. 
But solutions thickened with organic matter, such as gum, starch, gela- 
tine, d::c., retain a precipitate for a long time in a state of suspension, 
thus preserving the original yellowish-brown appearance. If, therefore) 
we prepare solutions as above, and pass HS through them, allowing them 
to subside, and examine them only after a time, we shall find in the one 
case a black precipitate below a colorless solution ; in the other a brown- 
ish viscid liquid. But if we watch the process from the outset, we shall 
see that the reactions are chemically identical, and differ only in respect 
to the mechanical suspension which takes place in the one case. 

The experiment which I here cite may throw some light on the origin 
of the yellow color. It appears that when the sulphid of silver is in a 
state of very fine division, its color is yellowish brown, as may be easily 
ascertained by treating a very dilute solution (e. g., l*5000th) of nitrate 
of silver with hydrosulphate of ammonia. Many substances are only 
black in consequence of excessive intensity of color. Lampblack, for 
example, in a state of excessively fine division is yellowish brown. Ink 
diluted is purple. Claus has shown that the intensely black hydrated 
sesquioxyd of ruthenium is, when very finely divided, green. 

I therefore conclude : 1st That it is as yet not absolutely demon- 
strated, (although probable,) that the current opinion, ascribing the fad- 
ing of pictures to the production of sulphid of silver, is correct. 
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2cl. That if this opinion be correct, there exists no evidence that w- 
ganic compounds have anything to do with the production of a yellow 
color, the tint of suiphid of silver found in their presence and in thdr 
absence being quite the same shade of yellow-brown. 

2. Magnesium Light for Photography, — Prof. Rosoob, at a meeting 
of the Literary and Philosophical Society of Manchester, in January l«tt| 
stated that the magnesium light, proposed by him and Prof. Bunsen, had 
been recently tried by Mr. Brothers, and that in 50 seconds a good n^^^a- 
tive copy of an engraving was obtained in a darkened room ; and that 
this was about equal to another made for comparison in daylight (the sun 
shining, but with a good deal of fog in the atmosphere) in 50 seconds, 
in the usual way. Mr. Sonst^idt prepares the magnesium wire for this 
purpose. A burning magnesium wire, 0*297<^'°* thick, affords the light 
of 74 stearine candles, of which 5 make a pound ; and in 10 hours, 192*2 
grms. of such wire would be consumed.— >-i2sa(/er, ^arck 5. 

8. Preservation of Animal Substances, — Pasteur reported to the Acad- 
eray of Sciences of Paris, in February, a new and simple process for prs- 
serving animal substances, the invention of Mr. Pagliari. The liquid ii 
composed of alum, benzoin and water; the surface of the meat is covered 
with it) as with a varnish, and then it is allowed to dry in contact with 
the- air. Decomposition, he states, is completely prevented for any length 
of time. The thin film, though invisible to the naked eye, acts as an 
antiseptic filter, preventing, according to Pasteur^s experiments, the entry 
of fermenting and decomposinjsr matters, whilst permitting evaporation to 
take place freely. — Reader^ March 19. 

4. The Difficulties incident to the laying of long Electric Sea OalUs, 
— Few people can imagine the great mechanical difiiculties to be over- 
come in laying a lo^ cable. Owing to the difficulty of making the 
joinings properly at sea, the rope cannot be carried out in more than two 
portions, and there are very few ships capable of conveyinor the require*! 
load in the necessary manner. An electric cable is a difficult thing to 
coil, indeed no one who inspects it in short lengths would believe it capa- 
ble of being coiled at all ; the cable must) therefore, be laid in the hold, 
in as large a circle as possible, and the space occupied must be perfectly 
clear from cross beams, or perpendicular supports for the deck. The cable 
must be placed so as to load the vessel evenly, and .must be so paid out 
that she shall preserve an even keel, otherwise water ballast must be ad- 
mitted to keep the vessel in trim. Moreover, with a long cable, the vessel 
employed should be a steamer of sufficient dimensions not only to contain 
it, but coals as well for the entire voyage, for if stowed in a sailing vessel 
and towed by a steamer, the ship becomes in a heavy sea unmanageable, 
and in case of a hitch occurring, it is almost impossible to check her 
progress in time to prevent accident. A cable long enough to span the 
Atlantic will weigh at least 6,000 tons ; and when coals must be carried, 
and in addition a clear space provided sufficient to enable this enormous 
length of cable to be coiled, it is evident that no existing vessel, except 
the Great Eastern, would be equal to the requirements of the case. The 
hands employed in liberating the cable coiled in the hold have a difficult 
task to perform, even when the sea is calm and everything goes on 
smoothly. When at full speed, the coils have to be carefully liberated, 
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layer by layer, from the Infthings and packings of wood, so as to set free 
only as much of the cable as is required, so as to avoid the possibility of 
its escaping from the guides on receiving any check. The break is a part 
of the apparatus which requires the most delicate handling ; the strain 
which it puts on must be sufiScient to prevent the cable ^om runnins^ 
out with too great a velocity in proportion to the speed of the vessel, 
whilst it must be sensitive to every pitch and roll, in order to prevent the 
cable from being snapped by a sudden strain. Many self acting breaks 
have been proposed, but in practice nothing has been found so effectual 
for the regulation of the strain as constant personal superintendence. 
The speed at which the paying-out vessel travels should be as uniform as 
possible throughout the whole voyage, and as provision must be made 
for contrary winds and rough weather, a large amount of surplus power 
is indispeusable. In fair weather it is not difficult to attend to all these 
precautions, nothing but proper care and attention being necessary ; but 
m stormy weather, when the vessel is tossing to such an extent that the 
men can scarcely stand while unlashing and freeing the cable, when the 
pitching of the ship throws sudden and violent strains upon the break, 
and when the breaksman himself can scarcely keep his feet and can see 
nothing in the darkness, the difficulty of managing the apparatus prop- 
erly IS of no ordinary kind. — The Quarterly Journal of Science, 

5, Permeability of Iron. — Our readers may recollect our having, some 
months ago, mentioned certain experiments made by MM. H. Sainte- 
Claire Deville and Troost, from which it appeared that, by a kind of en- 
dosmosis scarcely to be suspected in the case of a metal, hydrogen would 
pass through the pores of a platinum tube. Last week, the Academy of 
Sciences received from them a new paper, in which they announce a 
similar property in iron. The great difficulty was to find a tube answer- 
ing to the various conditions required for the experiment. The best iron 
to be found in the markets might still be open to some objection, since in 
point of fact it is a mere sponge flattened by a hammer, like common 
platinum. They succeeded at length, through the kindness of a friend, 
m obtaining a tube of cast steel, containing so little carbon that it did 
not admit of being tempered. It was in reality rather iron than steel, 
and so soft that it was drawn into a tube without heating or soldering, 
though its sides were of a thickness of from three to four millimetres. 
To the ends of this tube, two other tubes of a much smaller diameter, 
and of copper, were soldered with silver ; the whole was then introduced 
into an open porcelain tube, which was put into a furnace ; a glass tube, 
luted to one end, established a communication with an apparatus gene- 
rating hydrogen completely deprived of atmospheric air ; while at the 
other end, another glass tube, bent at right angles, dipped into a mercury 
bath, its vertical branch being 80 centimetres long. For the space of 
eight or ten hours, a current of hydrogen was driven through the appa- 
ratus, which was maintained at a high temperature, so as to exhaust the 
action of the hydrogen on the sides of the iron tube, and to drive away 
all the atmospheric air, as well as the moisture contained in the tube, or 
likely to be produced there. This done, the communication between the 
iron tube and the hydrogen apparatus was cut off by melting down the 
glass tube by the aid of the blowpipe. No sooner was this effected, than 

Ah. Joub. Sci.— Second Sbbibs, Vol. XXXVII, No. 111.— Mat, 1864. 
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the mercury, no longer kept down by the stream of hydrogen, yielded to 
the pressure of the air, and rose in the vertical glass tube to the heigbt 
of 740 millimetres, or very nearly the usual barometrical height Tbk 
would not have happened, had there not been a nearly complete vacuum 
in the tube the instant the supply of hydrogen was cut off. Bnt what 
had become of the hydrogen supplied before 9 There is but one expla- 
nation possible, viz: that, notwithstanding the pressure of the atmos- 
phere, the hydrogen had passed through the pores of the steel tube« 
Hence an iron tube introduced into a furnace where there are reducing 
gases, is a most powerful instrument for carrying off all the hydrogen^ — 
Galignani, 

6. Submarine Volcano in the Mediterranean. — Letters from Maht 
mention an extraordinary convulsion of nature not far from that city, be* 
tween the island of Pantellaria and the town of Sciacca, on the coast of 
Sicily, a submarine volcano having broken out about twenty-five miles 
from the shore. It is said that a volcano existed there in the year 1701, 
and on an old chart there is an old reef laid down precisely on the spot 
where the volcano now is. It was first indicated by smoke rising from the 
sea about the 12th of August last, which gradually increased in volume 
for several days till fire was seen, and eventually a small island was 
thrown up above the surface, about eighty or ninety yards long and 
twenty or thirty high, composed of cinders. In its centre was the cra- 
ter, which continually emitted steam and smoke ; and during the erup- 
tions, which occurred on an average every hour and a half, large stones 
and cinders were thrown to the height of one thousand feet. It is men- 
tioned as a singular circumstance that about the same time that this vol- 
cano first showed itself, a strong earthquake took place in the island of 
Samos, which divided a hill into two parts, leaving a valley with a stream 
of water flowing through it. Recently a party of curious persons visited 
til is wonderful island, and one of them thus reports the result of their 
observations : 

^' The beach, which appeared to be a mixture of ashes and sand reduced 
to a powder, was as hard as the firmest sand, but very few yards from 
the waterside the surface was extremely rough, composed of loose cin- 
ders of all sizes heaped lightly together, so that at every step we sank 
over shoes in cinders very hot to the touch. Our first object, of course, 
was to get up the flagstaff, planted by the crew of a British vessel on the 
summit, which we accomplished after a steep climb up the sliding ashes. 
When on the top we were nearly to leeward of the crater, and the con- 
sequence was that the volume of steam that rose from it drove full in 
our faces so strong a sulphurous vapor as to make several of the party, 
including myself, very nearly sick. The part on which we were was 
then the highest, and seemed on a rough computation to be about two hun- 
dred feet above the sea. The crater was some distance below us, round, 
and perhaps thirty or forty yards across. The level of the water in it 
was from twelve feet to twenty feet below the lip or highest edge of the 
actual crater. It was much discolored and boiling strongly, throwing up 
quantities of white steam, with this sulphurous vapor which annoyed us 
so much. There was apparently an underground rush of boiling water 
from the southeast side into the sea, which might be traced a long way 
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by its dark color, and at the same place a thick volume of steam rose 
from the outside of the original crater, as if a new one were forming. 
Afber staytBg some time upon the top, we went down again to the crater, 
and havifhg examined it adjourned to our boats, and pulled round the 
south side, so as to command a view of the rush of water before men- 
tioned, which came from the island, boiling and foaming, and throwing 
up a quantity of white vapor and steam. Nothing can be more singular 
than the appearance of this mass of ashes in the middle of the sea. 
Yon may form some idea of the force of the ^re that must have been 
required to form it, by considering that it is, as near as could be estimated, 
three-quarters of a mile round, and that, where it now stands, former 
charts give soundings in one hundred and thirty fathoms, and from the 
soundings lately ms^e, it seems to stand on a large base.^ — Evening Post^ 
Nov. 18^, 1863. 

7. Water in Parie, — While the waters of Champagne are being con- 
veyed to Paris, and a powerful hydraulic machine is being constructed at 
St. Maur in order to make the Marne contribute its water to the capital, 
a new Artesiau well is being bored in the 18th arroadissement (Mont- 
martre), under the direction of MM. Degouss^e and Laurent An enor- 
mous borer, weighing 5,000 kilogrammes, and provided with six blades 
of cast steel, has been prepared for this operation. The steam engine 
which is to set this formidabie borer in motion is of 120-horse powen 
One of the great difficulties to be conquered is a thick stratum of loose 
sand, which has no more cohesion than water, and falls in as the hole 
descends. It is in order to be able to force the tubes in before the 
hole is thus blocked up, that such a powerful engine is necessary. A 
cylinder of sheet iron, provided with a valve, constructed according to a 
new system, is used to get the sand and rubbish out. This well, which 
is expected to reach a depth of 900 metres, is situated on the Place Hu- 
bert, near the junction of the Northern and Eastern railway lines, and 
»ot fiur from the gas works of La Villette. Meanwhile, the works for 
deriving water from the Dhuys are actively progressing. The vast cis- 
terns whicit are to receive it are in course of construction on the heights 
of M^nilmontaat, at the place called Pare St. Fargeau ; and the prelimi- 
■ary operations at Saint Maur have been begun. To avoid the circuit of 
about 15 kilometres which the Marne fetches between Joinville-Le-Pont 
and Charenton, Napoleon L caused a canal, two kilometres in length, half 
of which is tunnelled, to be dug near St. Maur. Here stand the mills of 
St Maur, which are to be replaced by a hydraulic machine, throwing 
about 40,000 cubic metres of water in the course of 24 hours. These 
mills are set in motioA by falls of 'water three metres in height by eight 
in breadth, and fed by the waste water of the canal, distributed between 
two mill-dams, one on each bank of the river. The eastern one is pro- 
vided with a machine for feeding the artificial rivulets of the Park of 
Vincennes. It consists of two pumps set in motion by a strong turbine, 
and affording 5,000 cubic metres of water in 24 hours, for the sum of 
13,000fr. a year. It is this moderate cost which has induced the muni- 
cipality to supply the east of Paris with water from St. Maur. — Galignanu 

8. Academy of Sciences, — The following are the principal prizes proposed 
for this year and the following ones, by the Academy, at its last public 
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uiting ; th« papers in all eases to be sent in headed by some motto, to 
be repeated on a sealed envelope containing the name of the author. 
The dates in parenthesis indicate the last day on which the papers may 
be sent in. A prize of 3,000 francs is to be awarded to the best paper 
on the question : " To discuss with care and compare with theoretical re- 
sults Uie observations of tides in the principal ports of France'' (May 30th, 
1866) — 3,000fr. **To improve in some important point that part of 
mathematical analysis which relates to the integration of equations with 
partial derivatives of the second order" (June 30th, 1865) — 3,000fr. 
'*To establish a complete and rigorous theory of the stability of equi« 
librium in floating bodies'' (June 30th, 1864)— 6,000fr. '' To invent and 
demonstrate some considerable improvement in the application of stesra 
to vessels of war*' (October 30th, 1864)— 3,000fr. Bordin prize: ''To 
discuss some question relating to the theory of optical phenomena, at the 
choice of the competitor*' (June 30th, 1864) — 8,000fr. Bordin prize 
for ^ some notable improvement in the mechanical theory of heat" (June 
dOth, 1864) — 3,000rr. "On the comparative anatomy of the nervous 
system of fish" (August Slst, 1864)— d,000fr. "On the production of 
hybrid animals by artificial fecundation" (Dec. 30th, 1865 — 3,000fr. 
" For the improvement of French paleontology, either by showing the 
anatomical characteristics of one or more types of Vertebrata, and thus 
affording important data for the study of our Tertiary fauna, or else by 
treating of fossils which belong to one of the least known classes of that 
great branch of the animal kingdom" — 5,000fr. " To give a complete 
history of pellagra" (March 3l6t, 1 864)— 5,000fr. "On the application of 
electricity to therapeutics" (March Slst, 1866)— 20,000fr. The Academy 
and Emperor's prize, " For methods of preserving members by preserving 
tjie periosteum" (March dlst, 1866). Lastly, the Br(§ant prize of 100,- 
OOOfr. for the discovery of an unquestionable specific against cholera, or, 
in default of tbis, a prize of 4,000fr. to the competitor who can prove 
that there exist in the air substances which may materially contribute to 
the propagation of epidemic diseases. — Oalignani, 

9. Spanish Scientific Expedition, — A scientific commission has been 
sent out by the Government of Spain, which will visit most of the coun- 
tries and localities of interest in the Pacific ocean. The squadron, which 
comprises several war vessels, arrived at Montevideo^ Buenos Ayres, S. A., 
in December last, from which point the naturalists went overland to Val* 
paraiso, where the fleet was ordered to meet them. We do not know 
the destination of the expedition after leaving Valparaiso, but as it is not 
unlikely that this group (Sandwich Ids.) will be visited soon by them, 
we place in our columns a list of the savans engagefd in this commission, 
which has been kindly furnished to us : 

Don Patrieio Paz Membiola, President 

Don Fernando Amor, Professor of Natural History^ who will attend 
to mineralogy and entomology. 

Don Francisco de Paula Martinez, Professor of Natural History, who 
will give his attention to fishes, Crustacea and mollusca. 

Don Marcos Jimenez de ia £spada, Ist inspector of the museum for 
natural sciences, who attends to the mammalia, birds and reptiles. 

Don Manuel Almagro, M.D., who has to attend more particularly to 
anthropology. 
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Don Bartoldme Puig, M.D., naturalist, who is to assist in preparing 
and preserving the collections. 

Don Juan bern, 2d inspector of the museum, naturalist, who will at- 
tend to botany. 

Don Bafael Castro, photographer and draftsman. — Sandmch Island 
paper, 

10. Vegetable Ivory, — ^Vegetable ivory, in contact with concentrated 
sulphuric acid, takes a splendid red color, almost equal to magenta. At 
first it is pink, but gradually becomes deeper until it attains a purple, 
when the acid has been allowed to act for twelve hours. 

11. Expedition to the Desert of Sahara^ under Messrs, Martins and 
JEscher von Linth, — A brief notice of tlio starting of this expedition is 
given at page 146 of this volume. Mr. Desor, who was one of the 
party, states in his letters, published in the Swiss journals, that from 
Biskra their course lay nearly due south to Tougourt, *^ a Saharian city 
built of earth so slightly held together that a day^s rain would cause half 
the houses to crumble." Thence they went west to El Oued, returning 
north by Melriz to Biskra and Constantine. The detailed map of Duvey- 
rier^s journal, recently published m Fetermann^s Mittheilungen^ (1863, 
ix,) will be found convenient in tracing this route. The time passed in 
going from Biskra and returning was about three weeks. Although 
brief, Mr. Desor regards the expedition as having accomplished important 
results. His attention was especially directed to the geological age of 
the Sahara ; and he concludes, with Escher von Linth, that it was a vast 
sea at the commencement of the present epoch, and that only recently 
has it become dry. He is established in this opinion by the frequent oc- 
currence of a marine shell, the Cardium edule, found to-day on the shores 
of the Mediterranean. Mr. Desor is of the opinion that the elevation of 
the Desert above the sea though a recent was not a sudden occurrence, 
but was gradual and marked by successive steps. The party brought 
home a number of fish from the Artesian wells of the Desert, belonging 
to the family of Cyprinodonts, 

12. Periodical Meteors, — R. P. Gbeg, Esq., of Manchester, England, 
communicates the following to the Committee of the Connecticut Acad- 
emy on the subject of periodical meteors. The facts are deduced from 
his own repeated observations and those of A. Herschel, Esq., in England, 
of Prof. Heis, in Germany, and Schmidt, at Athens. 

'* The meteors of August last," he states, " were unusually fine and abund- 
ant, and those of November increasing from year to year, and more fre- 
quent in horary numbers on the 14th than the 13th. 

"The second of January ^^ \kQ remarks, "is a most notable meteono 
period of only 24 hours duration, and giving, for several hours, as many 
as for August 9th-l0th. Mr. Herschel and myself mapped each about 
60 meteors in two hours. The radiant is about the head of Bootes." 

The 9th-15th of February, radiant in Leo Minor; the 6th-10th of 
March, a recurrent period for a moderate number of large bolides and small 
shooting stars having their velocity very moderate, radiant the head of 
Lynx; the 5th-13th of December, (having been of late years a find 
shower), radiant half way between Alpha Gemini and Beta Aungse — are 
mentioned, together with others requiring observation. He remarks that 
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the Nov. ldth-14th period is not visible in Australia, according to Prof. 
Newmeyer ; but those of Aug. 9th-10th, with other periods, are. 

In addition to the above, Mr. Greg has commenced an extract from 
the proceedings of the British Meteorological Society, of an important 
paper by Alexander Herschel, Esq., concerning the meteors of Aug. 9th- 
10th, 1863, based on observations made at five stations — the Greenwich 
and Cambridge observatories, the Cremston and Euston Road observa- 
tories, and Hawkhurst ; it gives the heights, paths, brilliancy, directions, 
and estimated mass of twenty observed meteors of that period. Their 
average upper limit was 82.50 miles, and their average disappearance 
was at 58 miles above the sea-level. The former heights varied from 55 
miles at the lowest, to 13 1 miles at the highest ; the latter heights varied 
from 35 miles at the lowest, to 84 miles at the highest. The paths varied, 
in absolute length, from 18 miles to 100 miles, and averaged 47*5 miles; 
and the durations varied from half a second to three seconds, and the ve- 
locties range all the way from 23 miles to 71 miles a second. The radiant 
was near Gamma Persei. 

An attempt was also made to estimate the masses of the individual me- 
teors by the heat developed — taking the apparent light as its measure, 
and comparing the Utter with the amount of coal gas which would yield 
the same at given distances, and by using the velocity as an additional ele- 
ment to determine the mechanical equivalent of heat The average mass 
is put at near one and a-half pounds avoirdupois, varying from 20 grains 
to 7-^ pounds. 

It is scarcely necessary to remark here that this last determination must 
have required a large amount of assumption, and can be received only as 
an approximation of the rudest description. Even as such, however, it 
possesses great interest and value. a. c. t. 

13. National Academy of Sciences, — Titles of memoirs read and of 
oral communications made at the January Session, 1864, at Washington : 

1. The elements of the mathematical theory of quality. First Me- 
moir; Benjamin Peirce. 

2. Reduction of the observations of fixed stars made by J. J. Lepaute 
d'Agelet at Paris,* during the years 1783-5, with a catalogue of the co^ 
responding mean places referred to the equinox of 1800 ; B. A. Gould. 

8. The Saturnian System. First Memoir; Benjamin Peirce. 

4. On individuality among animals, with reference to the question of 
varieties and species ; L. Agassiz. 

5. On the metamorphoses of Fishes ; L. Agassiz. 

6. On the geographical distribution of Fishes, as bearing upon their 
affinities and systematic classification ; L. Agassiz. 

7. Discussion of Magnetic Observations made at Girard College Ob- 
servatory in the years 1840-45; Parts IV, V, VI. Horizontal Force; 
investigation of the eleven year period of the solar diurnal variation and 
annual inequality, and of the influence of the moon. Abstract ; A. D. 
Bache. 

8. Discussion of Magnetic Observations, <fec ; Parts VII, VIII and IX 
Vertical Force ; investigation of the eleven year period of the solar di- 
urnal variation and annual inequality, and of the influence of the moon ; 
A. D. Bachr. 
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0. On the force of fired ^npowder, and the pressure to which heavy 
guns are actually subjected in firing; ; F. A. P. Barnard. 

10. Description of an anemograph, designed for the University of Mis- 
aissippi ; F. A. P. BarKard^ 

11. On materials of combustion for lamps in Light Houses; Joseph 

HSNRT. 

.12. On the Parallelogram of Forces, and on virtual velocities; 
T. Strono. 

1 3. On photographs of the Solar Spectrum ; L. M. Rutherfurd. 

14. On the tangencies of Circles and Spheres ; J. Q. Barnard. 

15. Observations of the Planet Venus near the times of her inferior 
Conjunction, Sept 28, 1863, and subsequently; Prof. StbpAen Alex- 
ander. 

16. Brief note on the forms of icebergs; Prof. Stephen Alexander* 

14. Maury* s Sailing Directions^ and Wind and Current ChartSr-^ 
These publications having been submitted by the Navj Department to 
the National Academy of Sciences for a Report upon their merits and 
the desirableness of continuing their publication, the subject was reported 
upon at its late meeting, by a committee which had been appointed for 
the purpose, and the following resolution adopted : Resolved by the Na- 
tional Academy of Sciences, that in the opinion of this Academy, the 
volumes entitled ''Sailing Directions^ heretofore issued to navigators 
from the Naval Observatory, and the '* Wind and Current Charts'' which 
they are designed to illustrate and explain, embrace much which is un- 
sound in philosophy and little that is practically useful, and that there- 
fore these publications ought not to be issued in their present form* 

0BITUAR7. 

Wm. J. Taylor. — Prof. William J. Taylor died at Philadelphia, April 
6tb, aged 31. He was for several years a resident of Philadelphia, and 
was an active member of the Philadelphia Academy of Sciences, con- 
tributing to the Proceedings of the Academy many important papers in 
the department of Mineralogy. In the autumn of J 859, he was called to 
the chair of Chemistry in the Medical College at Mobile, Ala., where he 
spent but one season. Returning; north, he settled near Berlin, Worcester 
Co., Maryland, and, on the breaJking out of the war, was a very ardent 
supporter of the cause of the Union. He aided in raising a regiment, of 
which he was Major, and continued in the military service for several 
months. In his early death, mineralogical science loses an active and 
able investigator, and Maryland an earnest and whole-souled patriot. 

V. MISCELLANEOUS BIBLIOGRAPHY. 

1. Boston Journal of Natural History : Vol. VII, No. 1, 1869. — 
Art. I. A Supplement to the ^ Terrestrial Mollusks of the United States ;'* 
by W. G. BiNNKY. 

No. 2, 1861. — Art. II. Observations upon the Qeology and Paleon- 
tology of Burlington, Iowa, and its vicinity ; by Cqarles A. Whitb. — 
III. On the Hyraenoptera of the genus Atlantus in the United States ; 
by Edward Norton. — IV. Descriptions of new species of Crinoidea from 
the Carboniferous Rocks of the Mississippi Valley ; by Jambs Hall. 
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No. 8, 1862. — Abt. V. Notes on new species of Microscopical Organ* 
isms, chiefly from the Para River, South America ; by Lorivo W. Bai- 
LXT. — VL Con tribnt ions to the Comparative Myology of the Chiropan- 
see ; by Burt G. Wilder. — VIL On Alternate Generation in Annelids, 
and the Embryology of Autolytua eomutus ; by A. Agassiz. — VIIL Ma- 
terials for a Monograph of the North American Orthoptera, including a 
Catalogue of the known New England Species ; by Samusl H. Scuddbk. 

No. 4, 1863. — Art. IX. Observations on the summit structure of Pen- 
tremites, the structure and arrangement of certain parts of Crinoids, and 
Descriptions of new species from the Carboniferous Rocks at Burlington, 
Iowa ; by Charles A. White. — X. Descriptions of the Fossil Plants col- 
lected by Mr. George Gibbs, Geologist to the United States Northwest 
Boundary Commission, under Mr. Archibald Campbell, United States 
Commissioner ; by Dr. J. S. Newberry. — XI. On Arachnactis brachio- 
lata^ a species of floating Actinia found at Nahant, Massachusetts ; by A. 
AoAssiz. — XII. Prodromus of the history, structure, and physiology of 
the order Lucernarise ; by Prof. Hbnrt Jambs Clark^ of Harvard Uni- 
versity, Cambridge, Mass. — ^XIII. Monograph of the genus Callinectcs; 
by Albert Ordway. — XIV. On the Fossil Crab of Gay Head ; by Dr. 
William Stimpson. — XV. On Synthetic Types in Insects; by A. S. 
Packard, Jr.— XVL Description of a " White Fish" or *• White Whale" 
(Beluga borealis Lesson) ; by Jeffries Wyman, M.D., Prof, of Anatomy 
in Harvard College. — XVII. Remarks on some characteristics of the In- 
sect Fauna of the White Mountains, New Hampshire ; by Samuel H. 

SOUDDBR. 

2. National Almanac and Annual Record, for the year 1 864. 643 
pp., 12mo. Philadelphia, 1864. George W. Chiids. — The National Al- 
manac for 1863 was noticed by us early last year (xxxv, 465). The vol- 
ume now issued sustains the same high character, and besides is much 
increased in value by a still wider range of subjects, and fuller details. 
While remarkably complete as a national work, it also contains much 
information on foreign countries, their sovereigns, governments, areas, 
populations^ finances^ armies, navies, commerce, navigation, etc. etc. 

Astronomical and Meteorological observations made at the U. S. Naval Observa- 
tory during the year 1 862, Capt. J. M. Gilliss, U. S. N., Superintendent 700 pp., 
4to. Washington, 1863. Published by authority from the Hon. Secretary of the 
Navy. 

Report of the Commissioner of Agriculture for the year 1862. 632 pp., 8vo, 
with plates and wood cuts. Washington, 1863. 

The Qeogrnphy and Resources of Arizona and Sonora: an Address before the 
American Qeographical and Statistical Society, by Sylvester Mowet of Arizona. 
New edition. 124 pp^ 8vo, with a map. San Francisco and New York. 1863. 
A. Roman <& Co. 

Synopsis of the Marine Invertebrata collected by the late Arctic Expedition 
under Dr. 1. 1. Hayes, by Wm. Stepson, M.D. 6 pp., 8vo, from the Proceedings of 
the Acad. Nat. Sci. of Philadelphia, May, 1863. 

Appleton's U. S. Postal Guide, containing the chief regulations of the Post Office 
and a complete list of the Post Offices throughout the U. States. March, 1864. 
Published quarterly. 25 cents. 

Report of the British Association for the meeting at Cambridge in 1 862. 528 
and 244 pp., 8vo. London. £1. 

Synopsis of the Geology of Durham and part of Northumberland, by R. Howsi 
and J. W. KiBBT. 84 pp., 8vo. Published by the Tyneside Naturalist's Field 
Club. Aug. 1863. 
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On the Nomenclature of the Foraminifera, by W. K. Parkka, Esq., and Prof T. 
R. JoxES, FG 8. 20 pp., 8vo; from the Ann. and Mag. Nat. Hist, for Sept. 1868. 

Synopsis of the Fluviatile and Terrestrial Mollusca of the State of Maine, by 
Edward S. Morse. 4 pp., 4to. Portland, Me. — ^This catalogue includes the names 
of 108 species. 

Dictionary of Chemistry and the allied branches of other Sciences, founded on 
that of the late Dr. Ure, by Hbnry B. A. Watts, F.C.S., assisted by eminent con- 
tributors. In Four Volumes, 8vo. Vol II, 985 pp. London, 1864. Longman. 
26<. 

Materiauz de Construction, par M. Delessb, Ingenieur des Mines, Prof, de Geol. 
k Pecole normale. 276 pp., 8vo. Paris, 1868. Exposition Univcrsellc de 1862. 

Mus^e Teyler: Catalogue systematique de la collection pal^ontoiogique, par T. C. 
WiNKLiR. Ist livr. 124 pp., large 8 vo. Harlem, 1863. Les H6ritiers Loosjes. 

Der Erdmagnetismus als folgc der Bewegung der £rde ini Aeter, von Gustav 
HiNRioHS, Cand. Math. 44 pp., 8vo., with a map. Copenhagen, 1860. 

Meteorologische Waarnemingen in Nederland, etc., uitagegeyen door het kon. 
ned. Meteorolog. Instituut, 1862. Utrecht, 1868. 

Meteonilogiska lakttagelser : utgifna af kongl. svenska Yetenskaps-akademien, 
bearbetade af Er. Edlund. 2d vol. 1860, and 8d vol. 1861. Stockholm, 1861 and 
1868. 

Kongliga svenska Fregatten Eugenies Resa omkring Jorden under Befal af C. A. 
Virgin, aoren 1861-1858, utgifna af k. svenska Vetenskapsakademien. Heft 8, 
Physics; Heft 10, Zoology; Heft 11, Botany. — Also an eaition in French of the 
Physics. 

PaoGEEDXNOs OF AoAD. Nat. Sci. PHILADELPHIA.— OCTOBER ond NOVEMBER, 
1863. — 273, Qn Strepomatldee as a name for a family of iSuviatile MoUusca, usually 
confounded with Melania ; S, S. Haldeinan.^^21%^ Description of a collection of 
Jasper ** Lance-heads " found near Trenton, New Jersey ; and Remarks on the lo- 
cality, with reference to Indian Antiquities; Charlett 0. Ahbott.'-'219, Description 
of a new species of Pleurocera; George W. Trpon, Jr. — 280, Descriptions of a new 
species of Teredo, from New Bedford, Mass.; George W, TVyon, Jr. — 281, Descrip- 
tions of two new species of Mexican Land Shells; George W, TV.yon, /r.— 283, 
Notes on the Birds of Jamaica ; W. T. March, with Remarks by /S, F. Baird^-^dOi, 
Kotes on the Mimidse of Jamaica; Richard HilL'^dO&, Synonymy of the species 
of Strepomatidee, n family of Fluviatile MoIIusca, inhabiting North America. Part 
I; George W. Tryon, Jr.— 822, Notes on the Picid«e; John Cawm.— DECEMBER, 
—829, Description of the Genus Stereolepin Ayres; Theodore Gill. — 330, Descrip* 
tion of the Genus OxyjtUin Gill; Theodore G^t7/.— 332, Note on some recent adoi- 
tions to the Ichtiivological Fauna of Massachusetts; Theodore GilL — 333, Note on 
the species of SeWstes of the eastern coast of North America; Theodore Gill.^^ 
836, On some new and singular intermediate forms of Diatomacea; F. W. Lewis, 
Jf.Z).— 346, Synopsis of the species of Hosackia ; Ata ^ray.— 352, Synopsis of the 
Echinoids collected by Dr. W. Stimpson on the North Pacific Explormg Expedition ; 
Alex, Agaasiz.^ J AliJJ AKY . — 2, Description of a new Genus of the Family Me- 
lanid® ; Isaac Lea.'-^Z, Descriptions of eleven new Species of Indigenous Melanidfie ; 
Itaac Lea.— 6, Description of and Remarks on Planorbis Newberryi ; Ixaac Lea."^ 
6, Descriptions of new species of North American Polydesniida; ; I)r. H. C. Wood, 
t/r.— 10, Descriptions of new species of North American lulidse; J)r. H. C. Wood, Jr. 
—16, Notes of Botanical Visits to the lower parts of Delaware and the eastern 
shore of Maryland; \Vm, M. Canfty.— FEBRUARY.— 21, The Crania of Colymbus 
torquatus and C. Adamsii compared ; Elliott Coues, M.D. — 23, Remarks upon a 
proposed arrangement of the Family of Grouse, and new genera added ; D, G. El* 
liott,'^24, Synonymy of the species of Strepomatidas, a ^mily of Fluviatile MoI- 
Iusca inhabitmg North America. Part II ; George W. Trymi, Jr. 

Proceedings of Bostox Soo. Nat. Hist., vol. ix.— 225, Supplementary notice of 
Neosorcx palustris ; A. E. Verrill. — 229, On the eggs of frogs; F. W, Putnam."-^ 
280, On zones of life on high mountains ; 8. JI. Scitdder. — 2.S3, Additions to the 
catalogue of the Birds found near Calais, Me., and aboi4 the Bay of Fundy ; A, 
E, Verrill. — 234, On antimony from New Brunswick; A. A. ^aye«.— 236, On the 
Penokie mineral range, Wisconsin; Chan. Whittle»ey. — 246, On the Sea Serpent' 
H. C. Pei'khut.'^24^, On the Morphology of the audroecium of the Fumariacese ! 
Am. Jour. Sci.— Second Sebies, Vol. X;!CXVII, No. 111.— Mat, 1864. ' 

58 
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J. T. Rothroek. — 249, Malacozoological Noticea, No. 1, on the genus Gundlachia; 
Wm. Stirnp8<m.^^262, On impreg^i&tion of the Bream ; J. Wywian.— 263, Notice of 
the eggs and young of a Salamander; A. E. FefTi//.^-276, On migration of the 
Cliff-swallow ; A, E. Verrill. — 279, Description of two new Birds from the Baha- 
mas; Henry Bryant. — 281, Observations on an Amoeba; J, Wyman.— 286, On cer- 
tain remarkable or" exceptional larvie, with descriptions of new genera and species, 
etc. ; B. D. Walih. 

Pbocekdings of Amer. Acad, of Arts and Soirnobs, vol. vi. — 1, Obituaries of 
Nathan Appleton, Samuel A. Eliot, Richard Sullivan, Cornelius 0. Felton, Luthur 
V. Bell, Sir Francis Palgrave, Peter Barlow, and J. B. Biot. — 36, A Catalogue of 
Standard Stars: Polar and Clock Stars, for the reduction of observations in right 
ascension, with a discussion of the positions. — 87, On the characters of some new 
or obscure species of plants, of monopetalous orders, in the collection of the U. S. 
South Sea Exploring Expedition ; Am. Gray (continued from vol. v, p. 852). — 55, 
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Platmum-metals, 57. 
Fotash and soda, indirect determination 

of, 344. 
Silicium, compounds of, with oxygen 

and hydrogen, 120. 
Soda, hydnitc of, 117. 

relations of iiyposulphite of, to cer- 
tain metallic oxyds, 346, 
Sulphuric acid, estimation of, 122. 
Thallium, 121. 

sulphate of, 117. 
Tungsten, alloys of, 118. 
Wasium, 116. 
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obituary of, 802. 

Holbrookes Ichthyology of S. Carolina, re- 
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Otm, H. p., on periodical meteors, 445. 
Oulick, on Kilauea, 416. 
Gnn-casting at Pittsburgh, 296. 
Gnyot*s Physical Haps, notice of; 80. 



Jameson, on ink-plant, 287. 
Johnson, S, W., on thallium, 121. 

chemical abstracts, 122. 

notice of Liebig's Chemistry, 185. 

agricultural abstracts, 186. 

abstract of Meissner^s researches on 
oxygen, ozone, and antozone, 8%>. 
Johnston, J., on pyroxiline paper, 115. 
Jones, T.Ii.,oii fossil EstherlsB, notice of, 

140. 
Joy, C, A,, on a meteorite from -Chili, 948. 

E 

Kilauea, T. Coan, 415. 
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N. Y., 147. 
Roots, function of, Henrici^ 186. 
Boae^ H.y on columbite, 117. 

new scries of metallic oxyds, 119. 
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Sailing Directions, J/aM»*y'», notice of, 447. 

Sheffield Laboratory, contributions of, 67, 
344. 

Shepard^ C U.^ mlneraloglcal notices, 405. 

Shooting stars, see Astronomy. 

aUliman, JL, /r., pyroxiline paper and gun 
cotton, 115. 
chemical abstracts, 116. 



SiUiman^ JBL, Jr., on glacial action in Nova 

Scotia, 417. 
Society, see Boston. 
Solubilities, notice of Storcr^s Dictionary 

of, 801. 
South American explorations, 88. 
Spectra, see Physics, 
Speke and Grant^s explorations, 75. 
Star-showers^'see Astronomy. 
Steven, Christian von, obituary of, 888. 
Stotba^ on estimation of sulphuric acid in 

salts of the alludies, 122. 
Storer^ii Dictionary of Solubilities, notice 

of, 301. 
Stronityer^ on szaibelyite, 271. 
Suu^s heat, origin of, J. B. Mayer^ 187. 



Taylor, Wm. J., obituary of, 447. 

Telegraph cable, difficulties In laying, 440. 

Tennessee, Cretaceous and supenor form- 
ations of, /. M. Safford, 360. 

Tephrolte, O. J, Brush, 67. 

Tides, theory of, W. Dennis, 284. 

Titanium In Iron, 126. 

Townsend, J. B., on a large mass of native 
copper, 481. 

Troost, on permeability of Iron, 441. 

Trowtn-idge, i>., on invisibility of nebuloui 
matter, 210. 

Tuckennan's Caroll Wright Lichenes In- 
sulse Cubffi, notice of, 486. 

Tubularlanotparthenogenous, H.J, Clark. 
61. 

Tungsten, alloys containing, 118. 

Twining, A, C, on shooting stars, 141, 445. 



UnffsTj on geology of Greece, etc., 79. 



Vegetable ivory, 445. 

Vegetation as affected by ozone, etc., 

M, a Lea, 873. 
VerriU, A. E., List of Polyps and Corals, 

etc., by, notice of, 487. 
Volcano of Kilauea, T. Coan, 415. 

submarine, in the Mediterranean, 442. 

w 

Wasium, Bohr and Nickl^, 116. 

Water in Paris, 448. 

Watiwi, J. a, on Comet VI, 1868, 294. 
on Eurynome, 140. 

Wehrauhe, on cyanid of phosphorus, 269. 

Wftelpley, J. D., on mechanical and chem- 
ical treatment of gold and other metals, 
401. 

Whitney, J. D., reports on California Sur- 
vey, 82, 427. 

on heights of mcSuntains in N. Amer- 
ica, 81. 

Wiederhold, on arseniuret of hydrogen, 
117. 

Winehell, A., on fossils of Potsdam and 
Lake Superior sandstones, 226. 

Wohler, on compounds of silichun with 
oxygen and hydrogen, 120. 
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Zooix>oiCAL WORKS, etc., notices of: — 
MioU, TetraoDiott, 437. 
Bolbrook^ Ichthyolo^, 89. 
Xiso, on the Unionids, 436. 
VerriUy Polyps and Corals of Mus. Comp. 

Anat. Cambridfi^e, 437. 
See further, Oe(KOffical. 

Cephalization, as a basis of classifica- 
tion, Dana, 10, 157. 

Embryology in classification, 19, 184. 
VerUbrates. 

Amphibians, position of; among Ver- 
tebrates, Dana, 184. 

Carnivores* relations of* to Herbivores, 
159. 

Cetaceans^ relations o^ to ^terbivores, 
161. 

HerbiTores^ classificatioti of^ Dana^ 159< 



Zoology. — Verttbrates. 
Man, cephalization in, 162, 179. 
Edentates, 182. 

Megasthenes and Microsthenes, 18L 
ArtitmLatet, 

^Diptera of the Amber-fauna, 305. 
*Insects, classification of, Dana, 13. 
Insects, Carboniferous, of Illinois, 2>ana, 
34. 
MMwik*. 

Pteriids (or Aviculidae), Meek, 212. 
BadiaieB, 
Tubularia not parthenogenous, Clarky 
61. 
ProifKioans. 
Rhizopods of the Azolc^ or Laurentian, 
272,481. 



{BibliogrAphy, eontinued from page 460.) 

Index G^eogfraphtcus, being a list, alphabetically arranged, of tbe principal places 
on the globe, with the countries in which they are situated, and their latitudes and 
longitudes ; compiled with special reference to Keith Johnston's Royal Atlas. 676 
pp. large 8vo. London and EdinbnYgh.'- Wm. Blackwood A. Sous. 2 Is. 

The Reader, a Review of Literature, Science and Art. No. 64, Vol, III, Ifarch 
19, 1864. — This weekly Review, published in London by James Bohn, is especially 
Taluable to scientific men for its abstracts of tbe proceedings of British and other 
scientific societies and its scientific miscellanies. The number here mentioned con- 
tains, besides its usual contributions on Literary works and Art, a report of tbe 
16th and 17th of Professor Huxley's lectures on the Structure and Classification of 
the Mammalia — scientific news touching on a variety of topics — an account of the 
Royal Society's Soiree of the 12th <if March— Note on Bone Caves in Borneo- 
Criticisms of Prof. Huxley by C. Carter Blake and J. Hunt — Note on the retarda- 
tion of the earth's rotation by B. Frankland ; Proceedings of the Academies of 
Vienna and Brussels, and of various British Societies (Archseological, Anthropo- 
logical, Entomological, of Acclimatization, Pliilological, Royal Asiatic, SyroE^yptian, 
Statistical, of Arts, Royal of Edinburgh, Royal of Glasgow) and the Royal Insti- 
tute of British Architects. In Nos. 62, 63 and 66, the origin of Lakes and Ramsay's 
theory ore discussed by Falconer and others, in continuation of, and partly in oppo- 
sition to, the article by Falconer, cited at page 278 of this volume. 

[The following were received too late for further notice in this number. — Eds.] 

The Gray Substance of the Medulla oblongata and Trapezium, by John Dean*, M.D* 
76 pp. 4to. Illustrated by 16 4to lithographic plates, made from a series of pho- 
tographs, giving the entire topography of the parts; and, for a limited number of 
copies, by copies from the original photographs. — Smithsonian Contributions to 
Knowledge. Accepted for publication, August, 1863. 

A manual of elementary Problems in the Linear Perspective of Form and Shadow, 
by Edwaed S. Waerkn, C. E., Prof. Descr. Geom., ike., in the Rensselaer Polytech- 
nic Institute, and author of ** Draftsman Manual," and ^ General Problems of De- 
scriptive Geometry." 116 pp. 12mo. New York, 1863. John Wiley.— An excellent 
and convenient manual. 

The Breath of Life, or mal-respiration and its efiects upon tbe enjoyments and 
life of man, by George Catlin, author of Notes of Travels amongst the ** North 
American Indians." 78 pp. 8vo, with 25 Illustrations. New York, 1864. John 
Wiley. — A sensible and somewhat humerous essay, with serio-comic truthful illus- 
trations. 

Illustrations of Universal Progress, by Hcbbebt Spenosb. 446 pp. 12mo. Neir 
York, 1864.--D. Appletou <lc Co. 
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